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PREFACE 


Since its foundation, the International Hydrographic Bureau has endea- 
voured to collate all useful information concerning the new technique of echo- 
sounding, and the details of the important progress effected in this branch have 
been the subject matter of many articles inserted since 1923 im the various 
volumcs of the Hydrographic Review published half-ycarly by the Bureau, 


Now that the evolution of the new sounding methods has reached an 
important development in navigation, in oceanography and more especially in 
hydrography, we propose, in the following pages, to give a swmmary and a 
general account of echo-sounding principles, methods, apparatus, together with 
their practical application realised up to date. 


We would add that the reader will find more detailed information con- 
cerning the methods, the problems raised in this connection and the develop- 
ment of the various appliances reviewed, in the descriptions given either in 
the Hydrographic Review or in the pamphlets written by the authors them- 
selves, by the manufacturers, or published by the different Hydrographic O ffices, 
and also in the warious publications of the International Hydrographic Bureau. 


The few theoretical notions to which we have been obliged to limit our 
report cannot be considered as a full and definite account of a technique which 
is far from its final development and which is, therefore, subject to important 
and frequent improvements. 


A bibliography at the end of this Manual shows the works to which we 
have amply referred in order to group in this pamphlet the minimum data 
which is required to obtain a general knowledge on the new problems involved 
by echo-sounding as applied to oceanography and to coastal hydrography. 


Commander H. BENCKER, 
Technical Assistant of the ILH.B. 
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I. Historical Notes on Echo Sounding. 


At the time of the rst International Hydrographic Conference in London, in 1919, 
echo-sounding methods utilising the propagation of sonic waves in sea water, were just 
emerging from the experimental stage, but, since then, devices based on the properties of 
the echo have been commonly used for determining the depth of the sea. 


However, the idea of utilising the great permeability offered by the sea water medium 
to the propagation of sonic waves is not a new one and had already appealed to many 
) physicists. In fact, about 1807, a proposal to utilise the propagation of sound for deep 
sea soundings, is attributed to Jean Frangois Arago. In 1837, Ch. Bonnycastle made an 
attempt to sound the bottom of the sea by echo-sounding; in 1841, J.D. Colladon, with 
2 powerful sub-marine bell, obtained sonic transmissions in sea water on a range of 20 
nautical miles. The great American oceanographer, Matthew Fontaine Maury, alludes 
in his book “The Physical Geography of the Sea", to the unsuccessful attempts made in 
1855 to determine the depth of the sea: “by exploding petards or ringing bells, the echo 
of reverberation from the bottom might, it was held, be heard and the depth determined 
from the rate at which sound travels through water". In 1888, Mr. Banaré advocated 
} the use of microphones to detect with greater ease sub-marine signals, a device which 
was perfected by Gray and Mundy in 1902. 


After the loss of the liner “Titanic” in April 1912, through a collision with an iceberg, 
the study of the location at sea of these unexpected dangers, by means of sub-marine sonic 
waves, was actively resumed. In 1912, Doctor Alexander Behm obtained photographic 
records of echoes emanating from the sea bottom in the Bay of Heikendorf, following 
experiments made on board the “Otter”, by the Laboratorium fir Unterwasserschall der 
Torpedo und Mincninspektion of Kiel". This process was patented on 23rd July 1913. 
Powerful sub-marine transmitters were manufactured, such as the American oscillators 
of Professor Reginald A. Fessenden, of Boston, which were tested in March 191g during 
the ice patrol. Sub-marine warfare also opened up a new field of research in this branch, 
more especially to directional listening-in by means of hydrophones and to the horizontal 
sound ranging of noises at sea, such as screw noises and their reflection from the bottom 
of the sea, this leading naturally to sounding. 


‘ 

| The first.patents relative to echo-sounding, taken out by Doctor h.c. Alexander Behm 
: in Germany, Professor Reginald A. Fessenden in the United States of America, and by 
| Professors Langevin and Florisson in France date back to the years 1912 and 1914. 

' In Great Britain, the first practical applications of echo-sounding were effected under 
i the auspices of Admiral Sommerville, and of Mr. B.S. Smith, Director of the Admiralty 
! Scientific Rescarch and Experiment Department, at the Teddington Laboratory. 


: In 1916, an echo-sounding apparatus was tried out on the Canadian surveying vessel 
| Cartier. In 1917, Doctor Behm obtained the first sounding in fresh water in the Lake of 
Ploem. Also in 1917, Professor Langevin invented the piezo-electric ultra-sonic projector 
which was applied in France at the beginning of 1919 to vertical sounding. In 1918, ships 
j of the American Navy applied to sounding their microphonic apparatus for sub-marine 
listening-in (U.S.S. on Steuben, U.S.S. Breckenridge). In May 1910, the French Hydro- 
graphic Department carried out echo-soundings in the Casquets deep in a depth of 60 metres 
and at a speed of 10 knots. In August 1919, the cable-ship Charente obtained soundings 
at 4.000 metres in the Bay of Biscay by means of detonators. In October 1920, the Centre 
d'Etudes de Toulon was successful in obtaining the first line of ultra-sonic soundings in 
the offing of Nice. 


| 
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But the first important and really practical applications of sound to sounding only 
took place in 1922. In April 1922, the French Hydrographic Department obtained, with 
an apparatus of Ingénieur hydrographe Marti, a line of sonic soundings across the Medi- 
terranean for the cable from Marseilles to Philippeville. The sloop Ville: d'Ys obtained 
a line of sonic soundings between Norway and Iceland with an L.F. ultra-sonic sounder, 
spark transmission. From the 20th to the 29th June 1922, a profile of the North Atlantic 
Ocean from Newport to Gibraltar, and in July 1922, from Gibraltar to Port Said. was 
obtained on the U.S.S. Stezeart, by means of the new acoustic sounder type 2 (Sonic Depth 
Finder, type S.E. 1378) recently perfected by Dr. H.C. Hayes of the Enginecring Expe- 
rimental Station, Annapolis Naval Academy. 


During the same year, the “Behm Echolot Gesellschaft” of Kiel put on the market a 
depth indicator described in the Aunalen der Hydrographie und Mar. Metcorologie, vol. Xt, 
1922, with an indicating luminous scale and with a photographic record for great depths. 
Turther, the first bathymetric chart entirely obtained with sonic soundings (5.000) was 
drawn up in December 1922, within 38 days, by the United States Hydrographic Office for 
the offing of the Californian coast (U.S. H.O. chart N° 5104. March 1923 edition) the 
sounding having been executed at the hitherto unknown speed of 900 sq. miles per day. 
This chart revealed that the bottom of the sea between the shore and the 2,000 fathom 
isobath (3,700 m.) was far more uneven than had been conceived from the few scattered 
soundings available up to that date. 


Lastly, the expedition of the German exploration ship “Meteor” in the Southern 
Atlantic Ocean in 1925-27 provided the most extensive sounding work ever obtained. by 
the establishment of 14 transoceanic profiles comprising more than 67,430 soundings taken 
at approximately 34,000 stations with two echo-sounders. 


It is also to sonic soundings that is due the discovery of the greatest known oceanic 
depth of 10,790 metres in the Mindanao deep, by the German cruiser Emden in April 1927. 


Lastly, by means of echo-sounding diagrams recorded continuously. it is very 
easy to obtain an exact idea of the irregularities of the sub-marine floor. Thus on the 
edge of continental shelves, deep ravines have been found, shaped like large sub-marine 
canyons, which seem an extension offshore of river estuaries, and which remained unde- 
tected as long as the sounding lead alone was used for examining the sub-marine floor. 
In certain volcanic regions, it has also been possible to detect, by means of echo-sounding, 
small circular mounds protruding on the surface of the floor, and which seem evident 
testimony of ancient volcanic eruptions. Ridges or “ridens” have also been found on 
certain points of the bottom of the sea, constituted by material brought from certain 
channels or from the mouth of rivers and placed in a transverse position to the current. 


And thus has been opened, thanks to the development of sonic soundings, a new era 
not only in the knowledge of the’ relief of the ocean bottom, but also in the processes 


connected with coastal hydrography, where the accuracy required in the apparatus adds 
technical difficulties which are now overcome. 


All the modern exploring ships, all the surveying vessels and even sounding boats, 
are now fitted with recording apparatus adapted to the work effected, and cach new year 


brings a more and more important contribution to the data collated with regard to the 
bathymetry of the seas. 


All the great modern oceanographic expeditions, such as that of the Marion in 1928 
(1,700 soundings); of the Carnegie in 1928-29 (1,496 soundings): of the Dutch surveying 
vessel Willebrord Snellius in the East Indies in 1929 (32,000 soundings); of the Dana in 
1928-30 (7,976 soundings); of the Emden in 1928-31 (4,700 soundings); of the General Greene 
and ships of the Ice Patrol in the region of the Davis Strait, in 1931 to 1937 (9,000 sound- 
ings); of the Karlsruhe in 1932-37 (12,500 soundings); of the Byrd antarctic expedition in 
1933-35 (2,723 soundings); of the Dutch sub-marine K.XVJIJI in 1934-35 (3,500 soundings) ; 
of the Egyptian exploring ship Mabahiss in the Indian Ocean in 1934 (4,500 soundings) ; 
of the British exploring ship Discovery I] in the Antarctic since 1927; of the United 
States Navy auxiliary ship Ramapo during numerous crossings of the North Pacific from 


1931 to 1936 (37.500 soundings), have provided abundant data regarding the sub-marine 
topography of seas and oceans. 


All these oceanic soundings, as well as those effected by cable ships, liners, etc., are 
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collected by the International Hydrographic Bureau, as and when published, with a view 
to keeping up to date the General Bathymetric Chart of the Oceans published by the 
Bureau. The reduced scale of this publication in 24 sheets (24 in. X 40 in.), is 1: 10,000,000 
at the equator in Mercator projection. (Special Publication N° 30 of the Internationa) 
Hydrographic Bureau). . 


This Chart is kept permanently up to date by means of 1,001 plotting sheets, size 30 in. 
> 43 in., scale 1: 1,000,000 at the equator in Mercator projection, covering the oceanic 
part of the globe, on which are recorded, after correction, all the soundings received by 
the Bureau. The number of oceanic soundings actually recorded (1939) by the International 
Hydrographic Bureau can be estimated at 300,000. More than half this figure corresponds 
to sonic soundings selected by original Hydrographic Departments. 


Ra 
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II. General Principles of Echo-Sounding. 


Any vibrating body, such as a sonic source, when immersed in the sea, generates 
elastic waves which are propagated with a velocity independent of the frequency of the 
vibrating movement and which is called in oceanography : the velocity of sound in sea 
water. 


The general principle of the acoustic method consists, in general, of substituting for 
direct measurement of the depth itself an indirect evaluation thercof by means of the time 
taken by a sound wave to travel over this depth or, to be more exact, over a submarine 
path which is connected with the depth by a well known formula. 


Thus for the measurement of a length, which up till now has been made with a fixed 
relative approximation, the measurement of an interval of time is substituted and it is 
absolutely necessary that this time measurement be precise. 


With regard to Hydrography and Oceanography, it is generally the case that measure- 
ment must be made through sea-water, and therefore it is on the precise knowledge of 
the speed of propagation of sound through the sea that the problem is more or less based. 


Generally speaking, sound travels through sea water at an average velocity of 1,500 
metres (4,900 ft.) per second. Consequently, by the acoustic method of sounding, very 
great depths can be reached in a relatively brief space of time and the usual depths of 
about 70 to 100 metres (38 to 54 fathoms) will be reached in a fraction of a second. It 
is this rapidity of sounding by the acoustic method which formed its principal attraction 
from the beginning. 


The sketch (fig. 1) gives an idea of the apparatus and of the propagation of the 
sound-waves. 


Transmitter 
Microphone I peer ennone I 
— eo 
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In order to obtain a sounding, a submarine spherical wave, or group of waves, is 
produced; the wave, following the path indicated on the figure, first of all acts on the 
departing receiver (microphone I), then, after being reflected by the bottom, the returning 
wave (or echo) acts on its return on the arrival receiver (microphone JI). Microphone I 
starts the chronometer, Microphone II stops it. 

The distance travelled by the wave is deduced from the interval of time thus measured 
taking the velocity of the sound wave through water to be constant and known at the time 
of the sounding. From the situation of the receivers on board. for instance, from the 





distance between them 21 and from the known distance of immersion h (fig. 2) the total 
depth can be deduced from the formula : 


Js=bh+H=h+ YIP 
{ 2M=Vat 


a 
s=aty/pve—9 


Since the velocity of sound in water is in the vicinity of 1,500 metres per second, 
we have approximately : 
S metres = h + V 560 000 & — Ut 


and, in order to measure a depth within 0.25 metres (10 ins.), am accuracy of 1/3 000th of a 
second in the measurement of t. is required. 


A 3 inch echo occupies only............ 1/10,000th of a second. 
A 1 foot echo occupies only........... 1/2,490th — — 
A 1 fathom echo necessitates only..... W/4t5zth — — 





1/83rd _- = 


The starting and stopping of the recorder must be accomplished in a lapse of time 
which is so short that it necessitates, on the one hand, the use of relays without delay 
action, and, on the other hand, excludes the employment of the non-continuous or alter- 
nating movements usually used in horometry. 


A 5 fathoms echo necessitates only 


The difficulty lies in the necessity of estimating. in order to obtain precise measure- 
ments (for instance of 1 and 2 metres), cxtremcly short time intervals down to a thou- 
sandth part of a second! 


Soundings at a depth of 5 metres, under the acoustic apparatuses, which necessitate 
the return of all the transmitting and receiving units to their initial position in less than 
1/150th of a second, is somewhat difficult to obtain; further, an error of 1/1,c00th of a 
second in determining the echo time involves an error of 0 m. 75 in the sounding. 


We will see later on, when studying the different appliances, how skilful inventors 
have created very sensitive devices for measuring the time intervals, which have sometimes 
been called “chronomicrometers” or “steno-chronoiceters”. 


In principle, a sound generated on (board ship under suitable conditions reaches the 
bottom of the sea at the nearest point and is then reflected as an echo: if the bottom of 
the sea is flat and horizontal, the nearest point will be situated under the vertical line of 
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the ship. and the echo distance, ic. the number obtained by multiplying half the time 
which elapsed since the transmission of sound until the reception of the echo by the mean 
velocity of sound in sea water, will be equal to the sounding at that point. 


Thus the measurement of the depth will be deduced on board ship, from the observation 
of the time interval t, called “echo time” which elapses tetween the emission of a sonic 


signal and the reception of the echo of the same signal reilected by the bottom of the sea, 
the latter acting as a mirror. 


1f the separation between the transmitter and the receiver is negligible, and if these 
two apparatuses are immersed at the same level, the depth below that level will be given 
Vmt 





by the formula S = , Where the mean velocity of sound Vm between the surface 


and the bottom of the sea is assumed to be known. 


ee 
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Ill. Classification of Echo-Sounding Equipment. 


As stated above, the frequency of the vibratory movement does not affect the velocity 
of the transmission of sound through water; but we shall study later on its influence on 
the absorption of elastic waves in water, that is to say, on the range of sounding attainable. 


If the frequency remains between 50 and 18,000 periods approximately per second, 
the sound produced is audible, i.e. perceptible by the human ear. Above 18,000 periods 
per second, it becomes inaudible and the vibration produced is called ultra sound (super 
sound), and the correspording waves are called ultra sonic (super sonic). 


Consequently, the transmitting devices used in echo sounding can be classified in several 
categories according to the transmitting frequency used, that is to say according to the 
nature of the acoustic process employed. 


wu. Sounding by mcans of dctonations or blows, utilising a violent noise, ic. a very 
m:ch damped powerful pressure wave, reduced nearly to one vibration, of very short 
duration, such as is produced by a rifle or the blow of a hammer on a non-resonant object; 
the echo is only distinguished by its intensity from the other parasitic noises which accom- 
pany a ship’s course (in this category should be included the German and French solutions 
of sounding by means of detonations and the British, American and French solutions of 
sounding by means of a hammer blow). 


b. Sounding by means of audible frequency waves, using a vibration either maintained 
at a frequency of the order of 1,000 oscillations per second, similar to the sound produced 
ty a whistle or siren. or slightly damped, stch as the sound of a bell or piano, the sinusoidal 
nature of the ondulating process being used in order to distinguish the echo from parasitic 
noises, by means of resorant devices. (:American solution of sounding by means of oscil- 
lators). 


c. Sounding by means of inaudible frequency waves, using in exactly the same way 
the ultra sounds or super sounds of a frequency of 30000 to §0,000 vibrations per second, 
ie. of too high a frequency to be perceived by the human ear (French solution of the 
properly so-called sounding by means of ultra sounds, and English solution of super-sonic 
sounding by means of magnetostriction, the latter using frequencies of the order of 16,000 
vibrations per second). 


All the above solutions are based on the direct determination of the time employed 
by a sonic wave to reach the bottom of the sea and to return to the surface after praduc- 
tion of an echo. ‘This interval is generally catled “echo interval” and the apparatuses 
comprise a transmitter, a receiver and a control] mechanism which also serves to measure 
the “echo interval” with all suitable accuracy. It is known, in fact, that an error of one 
second on this quantity would involve an error of about 750 métres on the depth, and 
when it is desired, in coastal hydrographic surveys for instance, to obtain an accuracy of 
a few centimetres, it is easy to see that the precision to be obtained on the measurement 
of the time interval should be of the order of 1/10,000 of a second. 


When received. the echo can be, according to the case, recorded either graphically or 
by means of earphones, or noted on a graduated scale using the deviation of a luminous 
spot or the lighting of an clectric bulb. 


The time interval between the transmission of sound and the return of the echo is 
generally measured by means of the angle produced either by a rotating arm, or a disc, 
or a luminous ray, the motion of which is regulated by a constant speed motor and 
produces a regular transmission of signals. Later on, several developments of these devices 
will be described. 


ae 
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1V. Physical Properties of Waves used 
in Echo-Sounding. 


Absorption through water ; 
Frequencies and theoretical ranges ; 
Directional properties. 


The vibrations of elastic mediums (solid, liquid or gaseous) produce, when they reach 
the human ear, the sensation of moises, when there is no periodicity in the vibratory 
movement, and the sensation of sounds. when there is periodicity, the simple sounds 
corresponding to sinusoidal vibrations. The most important characteristic of the sensi- 
tivity of a sound is the frequency N of its period, i. the number of double vibrations 
per second. 

In slow vibrations below the frequency of approximately 16, the human ear perceives 
nothing; the “infra sounds”, therefore, hardly have any practical application. 

The range of the more usual sounds (human voice and musical instruments) extends 
from approximately 16 to 5,000 periods per second. Above that figure the ear still per- 
ceives more and more acute sounds similar to those of a whistle. Sensitive audition, 
hereafter, decreases and ceases in the vicinity of 15.000 to 20,000 vibrations per second, 
according to individuals. 

Ultra sounds, inaudible to the human ear. then extend from frequencies of 15,000 
or 20,000 up to the highest values: 100,000, 600,000 etc., but in reality there is no discon- 
tinuity, outside this threshold of human sensation, between the propertics of audible 
acoustic vibrations, or sounds, and that of ultra sounds. 

The use of Hertzian waves can hardly be taken into account for purposes of sounding, 
because their propagation through water, inversely to what takes place in the air, is very 
rapidly stopped, even more rapidly than that of luminous waves; it would, furthermore, be 
extremely difficult to discern their echo, and we must therefore limit ourselves to the use 
of elastic waves which are propagated through compression or dilatation of the medium 
they traverse. 


The velocity of the propagation of elastic waves is given by the formula 


{ 
N= oOo 
Vier 


in which ¢ is the density of the medium and 1» the coefficient of. adiabatic compressibility ; 
these two coefficients vary slightly in accordance with the temperature and pressure. 


In the air at 15 centigrades........ V = 340 m/sec. approximately 
In fresh water at 15 centigrades... V = 1,440 — _ 
In sea water at 33 °/°°.........6. V= 1,500 — — 
In steel V= 5136 — —_ 
In quartz V=5440 — — 





The absorption of elastic waves in water is nearly entirely due to viscosity; the loss 
of energy through calorific conductibility is, in fact, very small, owing to the slightness 
of the compressibility of water. The penetration modulus (i.e. the distance at which the 
amplitude of motion of the particles is reduced in the ratio 1: ¢, (e being equal to 2,7183 : 
te. Peas 3a cVv 
= is therefore very close to =) is given by the following formula = 

sy, 
represents the coefficient of viscosity. The low frequency waves are therefore less absorbed 
than those of high frequency. 


where 4 


; The frequencies N as used in salt water, are related with the wave lengths 4 and this. 
is shown by the well known formulae 


hs VT aed TS 
N 
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N= 1,000 periods per second, corresponds to 1,5 metre of wave length; (this is the 
frequency for which the human ear possesses maximum sensitivity). 
N = 20,000 corresponds to 7 centimetres wave length ; 
N = = 40,000 = 35 = = 
N = 100,000 _ 15 —_ — 
The musical sound a! (once accented) (N = 435), occupies in the water a wave length 


of 3,45 metres. 


If we use the formula giving the absorption due to the viscosity in the case of water, 
we find: 


e = 2. 10° 4° 


For the frequency 40,000, this absorption will occur after a distance of about 30 kilo- 
metres, and for the frequency 100,000, it will occur after 5 kilometres, which limits the 
use of too high frequencies. In the same way as in the air, acute sound components are 
absorbed far more rapidly than low components. However, with the same frequency, 
the absorption is 2,000 times smaller in water than in the air, that is to say that a 
much larger range can be attained in water. In the case of audible sonic waves, 
such as the sound of a powerful sub-marine bell, there is no noticeable absorption. 


For instance, the use in water of plane waves of not too high frequency. of the 
order, for example, of 20,000 to 50,000, gives theoretical damping distances of some 
multiples of ten kilometres which are suitable to their practical use in sub-marine acoustics. 
In the air, on the contrary, ultra-sounds. have a practical range of only some metres or 
multiples of ten metres, and this is the reason why there exist hardly any applications of 
this type of acoustic frequencies in the atmosphere. 


The range of transmission of these elastic waves in water is far greater than that 
which we imagine when considering this transmission through air. The simple blow under 
water of a hammer on a block of steel gives a sufficiently powerful wave to reach a depth 
of several thousands of metres. The noise of the detonation of a cartridge containing 
only 100 grammes of explosive can be heard at a distance of several hundreds of kilo- 
metres, and the explosion of a charge of 1 kilogramme can set in vibration the whole of 
a large sea basin, such as the western Mediterranean, i.e. a liquid mass of 2 to 3 kilo- 
metres depth and about 800 kilometres breadth. Inversely to what happens in the air, 
where the optical range plays the principal role, acoustics possess an unlimited range through 
water, whereas the optical range does not exceed a few decametres. 


Further, as the liquid mass of the oceans generally shows a considerable decrease in 
temperature as the depth increases, there results also a decrease in the velocity of sound 
and consequently a progressive dip towards the bottom, of the original vertical wave front, 
or, which is the same a downward curve of the “sonic rays”, which is in every way similar 
to the well-known phenomenon of refraction of optical rays. On the other hand, the 
increase in pressure due to ocean depths entails an increase in velocity which would result 
in an upward curve of the sonic rays. These two phenomena can cancel each other by 
superimposing their contrary action, and the sonic rays are then propagated in a straight 
line. 


This phenomenon of the curvature of sonic rays in a vertical plane has been called 
“sonic mirage” by analogy with the optical phenomenon which occurs in the propagation 
of luminous rays through the lower layers of the atmosphere. 


When the sonic mirage occurs, there is generally the possibility of several acoustical 
tracks to join one point with another, and the time of propagation is not absolutely the 
same on these different tracks; thus, in 1924. during a trial on acoustical propagation 
between the coast of Provence and that of Algeria (a distance of about 800 kilometres, 
covered in 9 minutes by the noise of a detonation) a spreading of the sonic power, tasting 
1g seconds, was noticed. When the downward curve of the sonic rays prevails, the latter 
hit obliquely the bottom of the sea where they are reflected and return to the liquid body 
with the same incidence. These frequent reflections on the bottom of the sea diminish the 
acoustical power, and this fact. added to the above-mentioned spreading, sometimes con- 
siderably reduces the range of sub-marine noises on a horizontal plane. 


Assuming that the source of sound transmitted in the elastic medium is a point, for 
instance by assuming the source as constituted by a small pulsating sphere, propagation 
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would occur equally in all directions around the poirt; the waves produced are spherical. 
there is no privileged direction : this is the case for the siren of a ship emitting for 
instance the note small c. of a frequency of 130, of a wave length of 2,6 metres in the air, 
and which is heard equally in all directions. 

If the sonic source is constituted by a smal] vibrating piston, of which the diameter d 
is small by relation to the wave length 4 of the emitted vibration (fig. 3) the transmission 
is also spherical. 
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By applying the Huyghens principle, ie. in considering each point of the piston as 
parts of very small synchronous sources, the resulting amplitude of the sound at a remote 
point P will be the sum of the amplitudes due to each elementary point source. There 
would be silence at this point if these vibrations reached it with phase lags of a half 
wave length. However, the greatest difference of track occurs for point P. in the plane 
of the piston and is equal to d. If d is very small compared with 4. even at point P, 
which is the most disadvantageous, the vibrations of all the parts arrive with very small 
phase lags. At P,. on the line of the axis, the phases are concordant, and consequently, 
in the present case, the resulting sound has a practically constant amplitude in all the 
vibratory field of the piston. 

If the Jateral transmission d of the source is large as compared with the wave length 
2X, the various sonic tracks joining a remote point P to the elementary sources 


a 
(fig. 4), can present among themselves differences of tracks equal to——. Odd multiples of 
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spare obtained, the resulting vibrations interfere and consequently in certain points of the 


field, vibrations emanating from -various zones of the source can cancel each other. 

Calculations show that the sonic field at great distance is the cone of revolution 
around the perpendicular of the face of the piston, or vibrating plate of a transmitting 
oscillator. with a very pronounced central maximum and small lateral maxima separated 
by cones of silence. 


Figure 5 shows the distribution of emitted energy in a section perpendicular to the axis. 


- 
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The emission is obtained with the maximum intensity in the normal direction of the 
vibrating plate. The apex angles of the cones of silence are given by the following 
formulae : 

ieee tee Se, 
= tI, —= 1 = <.5 ——, ete. 
sin 2, a” SIM % q c 


The secondary maxima being very small, the 9/toths of the vibrating energy for such 
a transmitter are contained inside the tirst central cone of apex 2a and thus the trans- 
mission assumes “directional” properties. ¢") 


This apex angle of the opening of the beam should be, under normal conditions, of 
about ten degrees, which provides a certain relation between the wave length and the 
diameter of the source. .As the latter should be limited to moderate dimensions for use 
on buard ship, such as 20 centimetres for instance, the following condition 4 <C 3,5 centi- 
metres holds good. corresponding to about 40,000 periods, that is to say ultra-sonic waves 
which. besides this directional property, present the advantage of being inaudible and 
thereby cnsuring secrecy. 











C*) See a more detailed account in Hydrographic w, Vol. TI, Ne I, November 1921, pages 57 
& sq. “The employment of ultra-sonic waves for echo-sounding”. 
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V. Selection of Velocity of Sound to be used 
in Echo=Sounding. 


It has been stated above that the accuracy of acoustic sounding is determined partly 
by the accuracy with which the velocity of travel of sound in salt water is known. 

During the last few years, much new research and many experiments in direct measure- 
ment through open water have been carried out by various nations. They were made in 
connection with various problems of submarine ranging in order to determine more exactly 
the velocity of propagation of sound waves through sea-water, We will cite only a few 
of the more recent ones in the Bibliography at the end of this chapter. 

The horizontal velocity of sound in sea water varies with the temperature of the 
water, its salinity and the pressure, that is to say with the depth. The theoretical formula 

F i 
v= Lee from which is ‘deduced: aa 2 =— a (22 5 #2) 
Bs * oe Bie oat» 
influence of cach one of the above factors to be analysed (salinity, temperature, depth) both 
on the density p and on the coefficient of adiabatic compressibility. 

Briefly, the velocity of the vertical transmission of sound through sea water used for 
sounding, depends on the temperature, the salinity (or the density) and the pressure of 
the various layers of water crossed. Under average conditions it remains in the vicinity 
of 1,500 metres or 820 fathoms per second; the extreme values can exceptionally differ 
by 60 metres per second either more or less. In general. it can be said that the velocity 
increases by 2,3 metres per second when the temperature increases by 1° C.; by I metre 
per second when the salinity increases by 1 per 1,000 and by 1 m. 50 per second for an 
increase of pressure of 10 atmospheres, i.e. approximately every 100 metres of depth. 


Rigorous acoustic sounding would require, theoretically, a knowledge of the series of 
temperatures and salinities of the various layers of liquid traversed by the sound. at the 
point and at the time when the echo interval is determined. 


Direct measurement of velocity “in situ” being a difficult operation, preference is 
given to the indirect calculation based, on the one hand, by taking into account certain pro- 
perties of the water as determined in laboratory experiments and, on the other hand, by 
deducting the temperature and salinity of the various layers through basic observations 
carried out at stations suitably selected in the area concerned. 





permits the separate 


It is further admitted that in their track between the surface and the bottom, the 
transmitted waves cross the superimposed horizontal layers of water of equal thickness, for 
each one of which it is assumed that the temperature and salinity are known, as well as 
the pressure according to depth. 


Consequently it is necessary to calculate the mean horizontal speed in each layer 
between the surface and the given depth. The mean of these averages constitutes the 
mean vertical velocity which is selected for the soundings in question, or “sounding 
velocity” Wm. by which the duration of the single track must be multiplied in order to 
obtain the depth. 


This calculation of Vm is rather intricate and is based on the selection of various 
physical considerations, subject, further. to certain variations. Finally a tabulation is 
drawn up of the velocities to be used. 


The tables in general use are either those of the U.S. Coast and Geodetic Survey, Special 
Publication N° 108, by N.H. Heck and J.H." Service, Washington (1934) ("), or those of 
the Hydrographic Department of the British Admiralty, Publication N°® H.D. 282 by 
D.J. Matthews, London, 1927. The latter are based on the following considerations : 


(*) These American tables are partly described and reproduced with the article entitled “Velocity 
of transmission of sound in tea water” published in Hyd. Review, Vol. III, N® 1, Monaco, Nov. 1925, 
p. G9 to 96 and Vol. IV, N° 1, May 1927, page 220. 
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The Velocity of sound in each layer is shown in the expression 


dp east HEN. 
Ve= - v= 
V2 ot V ek 











in which ¢ is the density or specific weight, k the true compressibility — eds 


v dp 
the volume, and y the ratio of specific heats with constant pressure and constant volume 


Cp and Cy. The introduction of this ratio is due to the adiabatic process of propagation. 
The specific heat of sea water under constant pressure Cp which is expressed in calories 
per gramme and per centigrade degree, has been determined by Thoulet and Chevallier. It 
is assumed that it varies according to the temperature in the same way as pure water. 


It decreases very rapidly when the pressure increases. Cv, specific heat with a constant 
1 


, v being 





volume, is equal to Cy — 





+f 
5 ; in which T is the absolute temperature. « the coefficient 


of thermal dilatation, as determined by Ekman and Knudsen, and J the mechanical equi- 
valent of heat. 

On the other hand. 9 = 7S In the latter expression, 7. is the density with 

— py 

the atmospheric pressure, as calculated from the salinity by means of Knudsen’s hydro- 
graphic tables; p is the pressure expressed in bars and » the mean compressibility. The 
latter has been defined and determined by Ekman, who gave its value in terms of the 
pressure, the temperature and the density at 0°. The true compressibility is calculated 
according to the expression : 


dp 
ete => 6 
1 ‘ 
pee, Sle ae dp 49 
* dp {— py 


In the two above formulae, the pressure can be numerically expressed in terms of 
depth by using the Ekman tables. The pressure at a given point depends on the depth, 
on the density of the upper layers and on the value of gravity, the latter varying also 
with the latitude but this variation entails discrepancies of only a few decimetres on the 
velocity of the sound. 

With the tables of the Hydrographic Department, it is possible to calculate the 
mean velocities of sound; they provide, moreover, for the usual purposes of navigation, 
approximate values of these specds in the shape of 23 very condensed tabulations, drawn 
up for 23 “isophone” areas which cover the whole surface of the oceans and in each of 
which the average temperature of the water layers can be considered as nearly the same 
at the same depth. (The salinity has been taken into account only for the Mediterranean 
and Red Sea regions). Thus the mariner can obtain at a glance a value sufficiently 
approximate to the mean velocity of sound according to depth. in the area where he is 
situated, in accordance with the geographical position of the ship. 

In the absence of a larger number of direct control measurements, it is difficult to 
come to any very definite conclusion as to the accuracy of these tables, but it seems pro- 
bable that they are reliable to two metres per second at temperatures up to about 22° C., 
in weter such as normally occurs in the open sea, and at depths not greater than 2,000 
fathoms or 4000 metres, and that the accuracy is much greater in shallow water. 

The following data, for example, show the error in a sounding as a function of the 
depth, and of an error in estimation of the velocity of sound. 











ERROR IN VELOCITY OF SOUND 





Depth in metres per second 
in metres ‘ i 
2 10 | 15 2 | 3 | 30 a3 40 
1,000.....0.- 3 | 7 10 13 | 7 20 23 27 
2,000.,...... 7 |? 13 20 2 ‘ 33 4o 47 
3.000.......- 10 | 20 | 30 40 50 60 70 8a 
4,000..... ve 13 | 27 40 53 67 80 93 107 
§,000........ 17 33 50 67 83 100 117 133 
6,000... 2.645 20 40 60 80 100 120 140 160 
7,000.......6 23 47 70 93 117 140 163 186 
8,000..... alent 27! x Bo | 107 142 160 | 187 222 
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Variations between theoretical values calculated for speed and those derived from 
direct measurements can be explained by the presence of gas in sea water. 


In practice, physical conditions met with at sea are such that mean velocities to be 
used differ only slightly from a same value (1,500 metres/sec. or 820 fathoms/sec. for 
example), and, as the temperature of water generally decreases with depth, the increase in 
speed involved by the increase of pressure is somewhat compensated by the decrease of 
spced entailed by the decrease in temperature; this fact, however, only occurs down to 
a certain depth of the ocean. Beyond that depth the temperature remains practically the 
same down to the abyssal depth, the influence then of the increase in pressure becomes 
preponderant and produces an increase in velocity. 


Moreover. we must draw attention here to several studies effected by various countries 
to improve our knowledge of mean velocities to be used in certain localities, for instance: 
the experiments effected in November/December 1923 by the United States Coast and 
Geodetic Survey ship Guide for measuring vertical velocities in the Nares Deep. 


An extrapolation for the great depths by Dr. H. Maurer in 1927/29 of the Tables 
H.D. 282 of the Hydrographic Department, London, made during the cruises of the 
German ships Emden, Berlin and Metcor. This was published as an appendix to 
Nachrichten ftir Seefahrer N° 10, Berlin. 1930, and the tabulation was reproduced in the 
International Hydrographic Butletin N° IL], March 1932, page 54. 


In 1929. Asaiti Muramoto, hydrographic engineer, taking as a basis the oceanographic 
data collated by the surveying vessel Mansy in the seas in the neighbourhood of 
Japan, calculated the velocities to be used in these said seas for echo-sounding: these 
velocities are given in the International Hydrographic Bulletin, N° V, Monaco, May 1929, 
page 119. A theoretical account concerning the calculation of velocity to be employed 
in echo-sounding, by Naval Engineer Susumu Kuwahara, was given in the {Hydrographic 
Bulletin (Suiro Yoho) October/ December 1937, published by the Japanese Hydrographic 
Department. 


Further, a supplement to tables H.D. 282 covering the region of the Dutch Indies, 
was drawn up by the Netherlands Geodctical Commission, and is indicated in the Junter- 
national Hydrographic Bulletin, 1935, N° 11, page 36. 

Utilising the oceanographic measurements taken by the Carnegic, the United States 
Coast and Geodetic Survey published constant regional correction factors covering 14 zones 
of the Pacific Ocean; these were reproduced in the Hydrographic Review, Vol. XII, N° 2, 
Monaco, November 1935, page 95. 


Further, seasonal variations in the temperature and salinity of the upper layers of the 
Ocean, reaching up to 10° C., were noticed by the Carnegie during her cruises in the Pacific 
Ocean. It can be assumed that such seasonal variations are noticeable down to a depth 
of approximately 500 metres, which would involve errors in the vicinity of 02 % on the 
velocity of sound for a depth of 2500 metres and of 2 metres approximately per second 
for a depth of 4,000 metres. (See Hydrographic Review, Vol. XII, N° 1, page 167). 


Various empirical formulae have been given to express the velocity of sound in sea 
water in terms of temperature and salinity for the upper layers where pressure does not 
yet exert a marked influence. A study of these formulae and the diagrams derived there- 
from are given in the Hydrographic Review, Vol. If, N° 2, May 1925. pages 186-189. We 
would cite, for example, the formula estbalished by Dr. H. Maurer and which agrees in a 
general way with the data of the British tabulation H.D. 282. 


V metre/See. = 1445.5 + 4.62 t — 0.0452 t2? + (1.32 — 0.007 t) (S — 35) 


in which t is the centigrade temperature and S the salinity per thousand. (See International 
Hydrographic Bulletin, 1930. N° EV, page 72). 


Interesting information is given in the Hydrographic Review, Vol. XII, N° 2, Nov. 
1935. page 81, concerning the acoustic work effected recently by the United States Coast 
and Geodetic Survey in order to determine the horizontal velocity of horizontal propaga- 
tion of sound in sea water, in connection with radio-acoustic ranging and its more and 
more extensive use for hydrographic operations offshore. This subject is also dealt with 
in the ffydrographic Revicw, Vol. XEV, N° 2, November 1937, pages 93 to 153, in an 
article by Commander O.W. Swainson, entitled “Velocity and Ray Paths of Sound Waves 
in Sea Water”. 
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VI. Sources of Errors and Correction 
of Echo-Sounding. 


Echo-sounding apparatuses give the measurement of what we have called “echo inter- 
val" t. However, their scales are rot graduated in seconds of time but directly in depths 
hiss, Seo 
accordance with which the constant speed of the motor is determined. 

In general. the value of this constant calibration speed is indicated on the apparatis, 
and varies with the different makers. but it is generally selected on the basis of the mean 
value 1,490 metres/sec. (800 fathoms or 1.463 m/sec.; 815 fathoms = 4.890 fect) or 1,500 
metres/sec. (820 fathoms = 4.920 fect). Furthermore, the zero of the measuring scale 
must correspond exactly with the zero of time measurement of soundings. in order that 
no lag is produced causing a zero error. and more particularly the zero of the scale must 
be in accordance with the value of the draught generally common to the transmission dia- 
phragm and to the echo-receiving microphone. 

In any other case, it is necessary to make the following corrections on echo soundings: 


1° Correction relative to the draught of microphones: the latter being nearly a 
constant determined once for all at the time the apparatus is fitted on board. 

2° A correction for the separation which exists sometimes between the transmitter 
and the receiver when they are distinct one from the other. This is an unfavourable con- 
dition when sounding in shallow water. The formula which we have given on page takes 
this separation into account. However, the installation on board is effected in such a way 
that. when necessary, the separation between the transmitter and the receiver is very small, 


and for shallow water the necessary correction of the scale is calculated to allow for this 
separation. 


, according to a certain calibration speed Va selected by the makers, and in 


3° Correction of sound velocity due to the fact that the calibration velocity does not 
correspond exactly with the actual value of mean velocity “in situ" Vm, the only one 
suited to the application of the formula. 

This correction is deduced from a simple calculation based on the known calibration 
velocity V, and the velocity V,, deduced, for instance, from Tables H.D. 282 of the 


British Admiralty: it corresponds to (Vy, — V, ) + and, by designating by h, the depth 


furnished directly by the apparatus, the correction to be made when reading h, is as 
follows 


Ia ; 
ve (Ym a Ve) 


In a general way, this correction is considered negligible for depths of less than 
200 metres. 

4° A so-called slope correction is rendered necessary by the fact that the echo interval, 
as recorded by the apparatus, corresponds, when the surface of the bottom of the sea is not 


a horizontal plane, to the smallest distance ED between the transmitter and this surface, 
and not to the true depth EH (fig. 6). 
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However, a distinction must be made here between quartz and acoustic sounders. The 
former have the property of producing a directional ultra-sonic beam, whilst the latter 
transmit waves which are propagated in every direction around the transmitter. 


In the first type of apparatus, it may be assumed, although this conclusion is not 
definitely adopted, that the apparatus gives the depth reckoned along the vertical of the 
projector, and that, therefore, it is not necessary to effect a slope correction. 


The case is not the same, however, when the transmitter produces ordinary sound 
waves, or even when a magneto-striction transmitter is used, for which the diameter of 
the source is of the order of the wave length (o m. 10). 


Several methods have been proposed for the calculation of this slope correction. Mr. 
Marti. in particular, has shown (see Hydrographic Review, Vol. X, N* 2, November 1933, 
page 172) that it is easy to determine the latter and to obtain at the same time the slope 
of the bottom in cases where multiple echoes have been recorded following a single 
sounding. 


The first echo corresponding to the sonic track EDE, HDE being a right angle, the 
second echo corresponds to the track ED, FD, E (fig. 6). The depth is then obtained 
by the formula : 

A— A 
—— 
in which A is the depth as shown on the recorder by the peak of the first echo and A’ 
is the length corresponding to the interval between this peak and that produced by the 


H>A+ 


second echo. The slope of the bottom is expressed by tana = (7 This method 


of reasoning assumes that the slope of the bottom remains constant between points H and 
D,. (See Hydrographic Review, Vol. X, N° 2, November 1933, page 172). 


In the much more common case. where no multiple echoes are recorded, various 
correction methods may be used such as the one explained by Dr. H. Maurer in the dnnalen 
der Hydr. und Mar, Meteor. Sept.-Oct. 1926, or the reduction diagram of the Coast and 
Geodetic Survey explained in the Hydrographic Review, Vol. V. N° 1, May 1928, page 163 
(See also A.L. Shalowitz. Hydrographic Review, Vol. VU, N° 1, May 10930, pages 82-98). 


However, the more general and more rational method seems to be that advocated by 
Ingénieur hydrographe gencral P. de Vanssay de Blavous, in Hydrographic Review, Vol. 
VII, N* 2. November 1930, page 50; Vol. X, N* 1, May 1933. pages 38 and 41; Vol. X, 
N° 2, November 1933. page 180 and ZJnternational Hydrographic Bulletin, 1933, N° 7, 
page 122, by means of diagrams. 


Briefly speaking, this method is as follows: first, a provisional plotting sheet of 
soundings is established on which all the echo distances obtained ‘by the sonic sounder are 
inscribed, without making any slope correction. On this plotting sheet, depth curves are 
drawn at a suitable equidistance. Each sounding plotted is then shifted normally to the 
surrounding depth curves, towards the lesser depths and by an amount equal to the sound- 
ing multiplied by the slope p of the surface as represented by the projection inscribed on 
the provisional plotting sheet, the slope being deduced from the distance separating the 
depth curves in the vicinity of the sounding in question. At the point thus obtained which 
is but the representation of point D of the preceding figure, the product of the provisional 


sounding by the factor VY 1 — p* is written. 


The above rules are obtained by observing that the true surface of the bottom is the 
envelope of the spheres described from each of the points of the surface of the sea cor- 
responding to each sounding on the provisional plotting sheet, with a radius equal to that 
sounding. 


A geometrical study of the question shows that sonic soundings can give but an imper- 
fect representation of the steep depressions which are sometimes met with in the oceans, 
as echoes may only be received from the sides of the depression and not from the deepest 
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part. (fig. 7). In this case, it may be necessary to have recourse to wire soundings. On 
the other hand, the acoustic process is well fitted for determining the relief of sub-marine 
hilis, and. consequently, to the detection of shoals and wrecks. 


. A B 
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5° A correction would be necessitated by an error on the constant speed of the motor, 
but it is assumed that in this connection variations would not exceed 1.5 9, unless the 
apparatus was damaged. 


6° Lastly, a correction is necessitated hy the state of the tide; this correction which is 
important in the case of shallow water, does not much affect measurements for great 
depths; it is, furthermore. inherent to the usual corrections made in coastal hydrographic 
soundings, whatever may be their nature. 
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VIE Use of Echo-Sounding. 


Echo-sounding apparatuses provide “rough echo distances” which appear either in 
the form of single soundings obtained by the direct reading of the scale and which are 
recorded in the sounding book, or in the form of graphic records, a sort of profile of the 
sub-marine bottom drawn by the recording apparatus. 


In every case, the above results must be intimately related, with all possible accuracy 
to the data giving the exact position of the ship at certain moments during the process of 
sounding and from which will be deduced the actual location of each sounding or of 
those soundings which will be selected from the recorded series. 


We will not enter again here into the degree of accuracy with which this deduction 
can be effected, deduction on which depends the exactness of the position of the sound- 
ings which are to be utilised. Whilst this determination is sufficiently accurate for posi- 
lions in sight of land. it becomes more uncertain beyond the limits of visibility of land 
marks or beyond the range limit of sound ranging apparatuses moored offshore. For oceanic 
soundings offshore, the precision of the location of soundings is governed by the error 
of the ship's position, and generally speaking, the uncertainty of the location of soundings 
in the high sea varies between 1 and 4 nautical miles, according to circumstances. The 
importance of this error explains the relative sense which must be attached to the topo- 
graphic interpretation of soundings in the high sea, either in the case of single soundings, 
of series of parallel line soundings or of intersecting series, taken either nearly at the 
same time, or separated by long time intervals. 


The final purpose being the inscription of soundings on the chart. it is impossible, 
owing to the relatively reduced scale of the latter, to utilise all the data furnished gra- 
phically by the recording apparatuses. For instance, with a recording apparatus operating 
at a cadence of 60 soundings per minute, the actual spacing between two successive sound- 
ings on the bottom is only 5 metres, when the ship's speed is 10 knots. 


Moreover, owing to the scale of the graphical record. the measurement of the abscissae, 
i.e. the actual position of the sounding, can only be approximate when transferred from the 
graphic record to the plotting sheet. 


For instance. with an echo sounder working at a cadence of 20 soundings per minute 
and with a recording strip unrolling at a speed of Oo centimetres per hour. the spacing 
between two successive soundings on the graph would be 9/t2ths of a millimetre and would 
correspond to an actual spacing of 15 metres on the bottom. At any rate, a selection is, 
essential among the various ordinates recorded, selection which will ‘be governed by the 
aim of the cartographer and by the details of the sub-marine topography which it is 
desired to emphasize. 


The rational use of the enormous quantity of material collated by echo sounding, the 
nature itself of “rough echo distances”, the question of correcting these echo distances and 
inscribing them suitably on charts, geophysical and other maps, has induced the Hydro- 
graphic Departments and the International Hydrographic Bureau to consider the adoption 
of certain common rules for their treatment. 


Already in 1928 following the extensive exploration by the Meteor of the Atlantic 
Ocean by means of echo soundings. and in connection with the inscription of the results 
thereof on plotting sheets, the following questions were examined : 


1° Whether the rough echo distances, as furnished by the apparatus, or whether the 
corrected soundings taking into account the local velocity of sound and, if necessary. of 
the slope. should be inscribed on the chart. 


2° Whether the correction of soundings should be limited to those below 200 or 300 
metres, as taken in gencral on the continental shelf. 
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3° Whether. on the charts, echo soundings should be distinguished by a special figure 
from wire soundings. 


4° Whether it was suitable to select a mean standard and empirical velocity of sound 
for all the Oceans, to which would be referred all the echo distances. for instance 1,490 
metres sec. This would entail a discrepancy with the true depths, which on an average 
would not exceed + 3 % for flat bottoms, except in the case of the Red Sea where the 


discrepancy reaches 4.2 %. (See International Hydrographic Bulletin, 1928, N° Hf, page 20; 
Ne IV. page &}). 


5° The systematic grouping of oceanic soundings obtained by sound and the collating 
thereof by means of a standard formula of records (/nternational Hydrographic Bulictin. 
N° VII, 1928, page 166), and if necessary the publication of same. 


6° Keeping up-to-date, in accordance with the progress of science, a General Bathy- 


metric Chart of the Oceans. which work had been undertaken in 1903 by H.S.H. the Prince 
of Monaco. 


7° The expediency of collating new oceanic soundings in hitherto unexplored regions. 


These various problems were discussed during the International Hydrographic Con- 
ferences held in Monaco in 1929 and 1932. (Sce the detailed Report of the meetings of the 
Third International Hydrographic Conference, April 1932, pages 93 to 102), In the Hydro- 
graphic Review, Vol. XIV, N° 1, May 1037. pages 7f to 95 an account is given, on the 
occasion of the Fourth International Hydrographic Conference, 1937, of the systems 
adopted by various countries with regard to plotting echo soundings on the chart, to their 
treatment and publication, and to the calibration of echo soundings. 


The following decisions in connection with the above questions were adopted by the 
Conferences : 


1° & 2°) Echo distances will be transformed as well as possible into depths and then 
be inserted on the charts in the same type of figures as that used for wire soundings. 


Soundings obtained by echo should be plotted on the charts after having been corrected 
as much as possible. 


3°) They should not be distinguished from other soundings marked on the chart. 


4°) The scales of the echo-sounding appliances should permit either rough echo- 
distances or echo-intervals to be read. The signification of the scale shall be indicated on 
the apparatus itself (for a scale of length, the velocity on which it is based; for a scale 
of echo intervals, the unit of time involved). 


No standard velocity for propagation of sound through sea water was adopted. 


5°) Centralisation of Occanie Soundings: The various Hydrographic Offices should 
invite the merchant vessels of their respective flags which are fitted with echo-sounding 
apparatus, to forward to the International Hydrographic Bureau the required information 
in the manner requested by the Bureau on its mode! forms. 


Publication of Lists of Oceanie Soundings ; 1. — When publishing echo-soundings the 
following information shall be given : 


The sounding vessel; the type of echo-sounding apparatus: the position of the sound- 
ing by longitude and latitude; the rough echo-distance: the calibration of the instrument 
and, if possible the local velocity of sound and the echo-distance corrected for this velocity. 


All other possible corrections (e.g.: for slope) should be given separately. It is desir- 
able to have data concerning the accuracy of the position obtained for the sounding and 
as to the source of the local velocity of sound used. 


HH. “Hydrographic Offices receiving reports of oceanic soundings taken outside the 
continental shelf should (if they do not issue charts thereof on a sufficiently large scale) 
communicate them to the International Hydrographic Bureau in the form of Lists of 


Oceanic Soundings, giving positions by latitude and longitude, subdividing them by oceans 
and classifying them in this way. 
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Mone. Form : 
SOUNDINGS TAKEN OUTSIDE THE CONTINENTAL SHELF. 


{international Hydrographic Bureau, Form N* 2 H-85) 


Name of Vessel] : 0. nee ceteen een ee ene AP PRY tus USE fo nnnceseeeestnmeeitetienens eee setenteren 6 
Nationality: ......--------.-_--___-......-.__ Velécity of sound used as the basis in Echo- 
Sounding apparatus : 





Sailing from cccssevcnnsmatamtmaiett sities ee 








NOTE: — Should the ccho-sounding apparatus be provided with » means by which the velocity of sound on which the scale le 
based can be varied, the velocity emplayed sbould be entered if it ia not that slated above. 

It a requested that, in the cate of Echo Soundings, the method of correction applicd, and particularly the locakvelo- 
city of aound chosen for correction or the local Velocity Tablee used, be indicated in the Remarks column 

1t would be well to indicate the accuracy with which the poaltion of « sounding Is fixed and actually obeerved 
poaltiona should be apeclally marked in arder to distinguish them fram dead-reckoning position. 

Additional data which it has been possible to obtaln, auch as: — tie nature of tha bottom, the temperature af 
the sea, Its aalinity and denaeity, both at the sarface and at Ube various depths, together with information as ta how 
they were obtained (the unita employed ahauld be atated) abould be inserted in the « Remarka» column, The atata of 
the eee should be noted aleo In the case of wire eoundings. 








POSITION BEPTH 
——— by REMARKS 
Lat. LONG. Apparataa 





SE BROLIN 2 ieee celine a Date :....... 


Thia form, when completed, should be sent ta the Hydrographic Office of your country for transmission 
to the International Hydrographic Bureau, Quai de Plaisance, Monaco. 








The International Hydrographic Bureau, if necessary, shall publish the reports thus 
received in the Hydrographic Bulletin. 


6° General Bathymetric Chart of the Occans - (Keeping up to date). The Inter- 
national Hydrographic Bureau is made responsible for keeping the present chart up to 
date without changing the sections, projections or scale. 

The International Hydrographic Bureau should make every endeavour to ensure that 
the representation of the depths should be as clear as possible. 

The International Hydrographic Bureau is invited to attach to each edition of the 
sheets a smal! pamphlet giving the bibliography used as reference and the scientific expedi- 
tions, the itineraries of which had been used, and all other useful information. 


7°) Systematic study of unexplored Ocean areas — It is recommended that each 
National Hydrographic Office indicate to the International Hydrographic Bureau in which 
ocean area it would be prepared to undertake work in the near future, the Bureau to cen- 
tralise this information with a view to discussing international co-operation and co-ordin- 
ating the work which has been done by the various countries. 
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VIIL Practical Development : 
Former and Recent Devices. 


In the following enumeration we will mention some former apparatuses now fallen 
into disuse, owing to the progress achieved by the makers, and in most cases we will 
refer the reader to the detailed descriptions given at the time in the various volumes of 
the Hydrographic Review. 

With regard to recent apparatuses. we will only describe the new ones based on the 


pamphlets received from the makers and on the information given by the various Hydro- 
graphic Offices. 


After the name of each apparatus and the approximate date when it was put into 


service. we will mention the number of the volume of the Hydrographic Review in which 
can be found a full description thereof. 


Fessenden Depth-Sounder with Oscillator (1914). 
Hydrographic Review, Vol. 11, N° 1, November 1924, p. 93. 


Navy Sonte Depth Finder of Dr. Harvey C. Hayes of the Enginecring Experiment Station 
of Annapolis (1918-1922) type S.E. 1378. 
Sounds from 40 to 500 fathoms, and soundings to depth of § to 75 fathoms 
can be obtained by the angular method. 


Hydrographic Review, Vol. 11, Ne 1, November 1921, p. 112. 
- Vol. If, Ne 2, May 1925, p. 144. 


Anschtitz Behm Echolot of the Behm Echolot Gesellschaft of Kiel (1921) with chronometer 
and photographic record. 


The Behm sounder Type I] sounds from 8 to 410 fathoms. 


Hydrographic Review, Vol, 11, N@ 2, May 1925, page 155. 
_ Vol, V, No 2, Nov, 1928, page 133. 
- Vol. VI, N® 2, Nov. 1920, page 163. 


Signallot or Tiefsee Echolot of the Signal Gesellschaft of Kicl. 
High speed: 1 sounding every 136 second down to 547 fms. 
Low speed: 1 sounding every 12.3 seconds down to 4.920 fathoms. 
Below 50 metres and down to the greatest depths, sounds at + § fms. . 
Hydrographic Review, Vol. V, N° 1, May 1928, page 161. 
Apparatus of the Department of Scientific Research of the British Admiralty (1922). 
British Admiralty Echo Sounder, 1922. 


Normal soundings from 8 fathoms 3/4 to 35 fathoms; deeper soundings with 
earphones. 
Hydrographic Review, Vol. Il, N° 2, May 192%, page 138. 
— Vol. 11, N° 2, July 1926, page 99. 


Marti Recording Oscillograph (1922). 


Large Model (hydrography): Radius 225 ™m - sounds from 0 to 109 fathoms, 
1 sounding every 3 secands, speed of the pen 3 metres‘per second. 
Small Model: radius 180 "* - sounds from o to 109 fathoms - 1 sounding 
every § seconds. 
Hydrographic Review, Vol. If, N° 2, May 192%, page 141. 
_ Vol. Il], Ne 2, July 1926, page 89. 


Ulira-Sonie Sounding Machine Langevin-Chilowsky of the Société de Condensation et 
d’Applications Mécaniques (1923) 


with optical analyser system Langevin-Florisson: 
1 sounding per second; sounds from 2 to 205 fathoms, or to 274 fathoms accord- 
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ing to the type of analyser, that is to say the limit in the graduation of the 
analyser’s scale. 


Hydrographic Review, Vol. 111, N° 2, July 1926, page 75. 
= Vol. V, Ne 2, Nov, 1928, page 107. 


with Echometer, model for small ships : 
Sounds from 16 fathoms to 361 fathoms in general ; soundings are taken every 
7/6th of a second. 
Hydrographic Review, Vol. VII, N° 2, Nov. 1930, p. 105. 
— Val. X, Ne 2, Nov. 1038, p. 168, 
_- Vol. XI, Ne 2, Nov. 1934, p. 58. 
(These descriptions correspond to the Marconi Echometers, type 421 or 430). 
See also : 
Hydrographic Review, Vol. XV, N° 2, Nov. 1938, p. 38. 
with Echoscope, for very shallow water : 
From 3 ft. 9 to 11 or 32 3/4 f{ms., accuracy within to centimetres. gives 66 sound- 
ings per minute). 
Hydrographic Review, Vol. X, N° 2, Nov. 1922, page 170. 
— Vol. XI, Ne 2, Nov. 1934, page 59. 
= Vol. XV, No 2, Nov. 1988, pp. He & 51. 
(These descriptions correspond also to the Marconi apparatus, type 424). 
See also: 





Hydrographic Review, Vol. XV, N° 2, Nov, 1938, page 42. 


with bottom mdicator, rotating optical system SCAM-Touly : 
Former model: 5 4 to 192 fathoms with 2 soundings per second and 5 } to 
383 fathoms with 1 sounding per second. 
Recent models: coastal type (82 fathoms) and navigation type from 2 4 to 218 
fathoms, and from 218 to 438 fathoms, and so on up to the limit of reception 


of the echo. 
Hydrographic Review, Vol. XI, Ne 2, Nov. 1984, page 46. 





od Vol. XTIT, No 2, Nov, 1986, page 107, 
— Vol. XV, Ne 2, Nav, 1998, page 33. 


with Marti Recorder : 
Sounds from 2,2 fathoms up to the limit of range of ultra sounds by phases of 
109 fathoms (200 metres) 1 sounding every 3 seconds. 
Limit of range 273 fathoms with the projector S.4ter, 547 fathoms with the 
projector S.7 bis. 
Other model for hydrography from 2,2 to §5 fathoms and from 2,2 to 109 


fathoms. 
Hydrographic Review, Vol. XI, Ne 2, Nov, 1934, page 51. 


with electrolytic recorder SCAM-Touly (Marti license): 
Gives 1 sounding every 3 seconds. Sounds to 164 fathoms then lower by 3 suc- 
cessive phases of 164 fathoms. 





Hydrographic Review, Vol. XIII, N° 2, Nov. 1 page 110. 
_ Vol, XIV, Ne 1, May 1937, page 111. 
= Vol. XV, Ne 2, Nov, 1938, page 35. 


(These descriptions correspond also to those of the Marconi sounders types 429 
et 439). Sce also : 
Hydrographic Review, Vol. XV, Ne 2, Nov. 1938, page 41. 


British Admiralty Echo Sounding Machine (shallow water type, Mark [1) with or without 
repealing transmitter, manufacturcd by Messrs. Hughes and Son (1925). 


Scale 0 to 780 feet or 130 fathoms - 3 soundings per second. 
Hydrographic Review, Vol. V, N* 1, May 1928, p. 132. 





d° Mark II, equipped with a powerful transmitter : 
From 0 to 250 fathoms; 1 sounding every 2/3 of a second. 


d° Mark IV, with powerful pneumatic hammer : 
From o to 500 fathoms, 1 sounding per second. 
Vol. VII, No 1, May 1930, p. 99. 





Hydrographic Revievw, 
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d° Mark FI, with recorder and headphones : 
1 sounding every 5/8ths of a second, and sounds from o to 250 fathoms in 4 
phases of 50 fathoms each. 
Hydrographic Review, Vol. VX, N° 2, Nov. 1932, p. 141. 


Deep Water Echo Sounder of the British Admiralty (Mark V - Occanic Pattern) and for 
hydrographic surveys. manufactured by Messrs. Hughes and Son. 
From 30 to 4.500 fathoms: 1 sounding every 11 sec. 1/4 with headphones. 
Hydrographic Review, Vol. V, N° 1, May 1928, p. 138. 


d° Mode? Challenger and Ormonde, new Mark VI and Mark VII: 


Type recorder with phasing system down to 6,000 fathoms by phases of 250 or 
500 fathoms, accuracy + 1 fathom, + 0.25 9%, transmission cadence 2 4 seconds, 
5 seconds, 7 4 seconds or 15 seconds. 


Hydrogrophic Review, Vol. 1X, N° 2, Nov. 1932, p, 137. 
_ Vol. X, Ne 2, Nov. 1933, p. 130. 


d° Standard Pattern, Mark X (Discovery II type) with recorder : 
From 20 to 600 fathoms, by sections of 250 fathoms, with transmission interval 
of 2 4, 5 and 7 4 seconds. 
Hydrgoraphic Review, Vol. XI, Ne 2, Nov, 1934, p. 31. 


Fathometer of the Submarine Signal Corporation of Boston (U.S.A.) (model 1925) with 
luminous white or red light indicator, Type 431. 


Red Light 10 to 100 fathoms - 4 soundings per second. White Light 100 to 600 
fathoms - 1 sounding every 1 4 second. Thence down to 3,000 fathoms with 
headphones. 

Hydrographic Review, Vol. V, N° 1, May 1928, page 143. 


d° Universal Type, Type 432. 


24 soundings per minute, small scale: oscillator type 390, big scale: oscillator 
type 324; red light from 2 to 125 fathoms, accuracy 4 fathom; thence white light 
and headphones down to 2,000 fathoms. 


Hydrographic Review, Vol. VI11, Ne 2, Nov. 1931, page 176. 


Atlaslot of the Bremen Aitlas-\Werke (identical with the Fathometer of the Submarine Signal 
Corporation). 


With luminous red or white light indicator. 

Type 16: from 5 4 to 274 fathoms (red light) and from 5 3 to 820 fathoms 

(white light): 1 sounding every 1,5 second. 

Type 20: from 2 4 to 137 fathoms, and Type 22 down to 274 fathoms, 1 sound- 

ing every 2 4 seconds. 

Universal type (Meteor) from 5 4 fathoms down to the greatest depths, with 

indicator down to 101 fathoms,-and thence headphones (4.500 fathoms). 
Hydrographic Review, Vol. V, N° 1, May 1928, page 153. 


_— Vol. XI, Ne 2, Nov. 1934, page 25. 
_- Vol. XV, N2-2, Nov. 1938, page 62. 


Atlas-Echolot (high frequency) with Echograph Recorder: 


With 2 scales: 3 ft. to 55 fathoms (7,5 soundings per second) and from 5 4 
fathoms to 547 fathoms. Echograph from 0 to 137 fathoms, or from 0 to 274 
fathoms or from 0 to 137 fathoms and from 137 fathoms to 274 fathoms. 

Hydrographic Review, Vol. X1, N° 2, Nov, 1934, page 20. 

_— Vol. XV, Ne 2, Nov. 1038, page 65. 
Acoustic sounding apparatus by successive shocks ‘or detonations (Marti system, 1927) : 

With hull hammer, rifle shots or detonating cartridges with recorder. 
Hull hammer sounds 2 fathoms to 438 fathoms, accuracy to within 4 metre. 
Rifle shots from 27 fathoms to 274 fathoms, accuracy to within 2 metres, record 


by phases of 274 fathoms, 1 revolution in 7,5 seconds. for great depths trans- 
mission cadence of 37,5 seconds or 2 4 minutes, 
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Detonating cartridges: {from 35 fathoms to 5.500 fathoms, accuracy to within 
5 4 fathoms. 
Hydrographic Review, Vol. V, No 2, Nov, 192%, p. 121. 


- Vol. X1, No 2, Nov. 1936, p. 38. 





— Vol. XII, Ne 2, Nov. 19385. p. 5. 


Graphic Acoustic Sounder of the United States Navy (1924) : 
Hydrographic Review, Vol. VU, Ne 2, Nov. 1930, page 108, 


British Admiralty Echo Sounding Gear, Type 752 (1930) fitted with automatic recorder 
taking 3 soundings per second : 
Sounds from to to 133 soundings, error + 1 % with manipulator; thence with 


headphones. 
Hydrographic Review, Vol. VIII, Ne 2, Nov. 1931, p. 163, 


Echograph of the Kiel Electroakustik Company : 
Hydrographic Review, Vol. X, N° 1, May 1933, page 178. 


Supersonic Shallow Water Echo Sounding Gear of the British Admiralty : 


Magnetostriction system with straight scale recorder (Types MS I - MS IV) 
sounds from 1 4 ft., accuracy 0.5 foot, synchronisation + 1 9%, accuracy of 
soundings + 1 %. 

Type MS 1 sounds from o to 35 fathoms - scale 7 fathoms for 1 inch of record. 


Type MS II sounds from 0 to 35 fathoms, with, moreover. 3 phases of 25 
fathoms up to 100 fathoms, same recording scale. 


Type MS III sounds from o to 90 fathoms - scale 18 fathoms for 1 inch, up to 
250 fathoms, with 4 phases of 50 fathoms. 

Type MS IV sounds from 0 to 90 fathoms, with powerful transmitter. 

96 transmissions per minute are effected with these types. 


Types MS V to MS VIIT are fitted with an indicator without recorder, with a 
range of 100, 125, 250 or 400 fathoms. 
Hydrographic Review, Vol. XIII, Ne 2, Nov. 1086, p. 87. 


_ Vol, X, Ne 2, Nov. 1933, p. 160. 
= Vol. XI, N@# 2, Nov. 1934, p. 36. 
— Vol. XHI, Ne 2, Nov. 1936, p. 78. 


d° Types MS X - MS XIU, recorder with rotating arm and curved scale : 
In Type MS X, specially suited to hydrography. the rotating arm has a big 
radius of 9 inches. 
In Type MS XII, the radius of the rotating arm is 4 inches. 


These two types have a double scate obtained by a speed reductor 1/6 or 1/5 
or 1/2, with which the following scale combinations can be effected: 40 feet/ © 
40 fathoms - 60 feet/6o fathoms - 12/24 metres, in model MS X: or 60 feet/ 
120 feet - 90 fect/90 fathoms - 120 feet/t20 fathoms - 25/125 metres - 90/450 
metres - 125/600 metres in model MS XII. Furthermore, by phasing, these 
ranges are increased respectively by 75 % in the type MS X and by 66 % in 
type MS XII. 
Hydrographic Review, Vol. X11T, Ne 2, Nov. 1936, page S5. 


ad? Types MS XII ~ MS XV (Universal Echo Sounder). 


Hydrographic Review, Vol. XIV, N° 2, Nov, 1937, page 211. 
— Volt. X¥, Ne 2, Nov. 1038, page 26. 


Modulated frequency Sonic Ulira-Sounder Sadahiro Matsuo : 
Hydrographic Review, Vol. XV, N° 1, May 1938, page 33. 


Dorsey Fathometer (1933) : 
For shallow water: 1! to 20 fathoms, 20 soundings per second - accuracy 1 inch 


= 25 Mo. 
Hydrographic Review, Vol. XIII, Ne 2, Nov. 1935, page 50. 
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Marconi Echo Sounders : 


Under the generic name Echometer, the Marconi Company presents apparatuses 
in every way similar to those of the Société de Condensation ct d'Applications 
Meécaniques, described above, such as : 
Marconi Echometers types 421 & 430, Langevin-Chilowsky : 
Echometers N° 421 suitable for 160 and 360 fathoms, give 60 soundings in 
zo seconds; those for 360 and 720 fathoms, give 30 soundings in 70 seconds. 
Marconi Echometer, type 424, Langevin-Flarisson, with echoscope: suitable for 
45. 90 or 110 fathoms, it gives 45 soundings in 60 seconds. 
Marconi Echometers, types 429 & 430. Langevin-Touly, with electrolytic recorder: 
Recorder N° 429 suitable for o to 75 fathoms and o to 150 fathoms, gives 
30 soundings per minute; 
Recorder N° 430 suitable for o to 75 fathoms and 70 to 145 fathoms, gives 
go soundings per minute. 
Also a portable Echo Sounder Marconi (quaris-steel): 
For shallow water of 0 m. 30 to 36 metres (and of o to 18 metres with phasing) 
giving 187 soundings per minute. 

IUydrographie Review, Vol, XV, Ne 2, Nov. 1088, page 43. 


and Marconi Supersonic magnetostriction Echo Sounders : 


Navigation type 0 to 150 fathoms, 30 soundings per minute. and type for great 
depths 0 to 300 fathoms with 7,6 soundings per minute. with visible indicator 
and electrolytic recorder. 

Hydrographic Review, Vol. XV, N° 2, Nov. 1938, pp. 57 and 69. 
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IX. Echo-Sounding Apparatus with Detonators. 


a) Behm Echo-Sounder. 
(See also: Hydrographic Review, Vol. 1, N° 2. Mcy 1925, page 153), 


A cartridge is placed in the cartridge chamber K from which it is expelled through 
the coiled pipe by means of compressed air P; it then reaches the firing apparatus U; 


Skematisk visk OpstitLing of 
Exkeload et. 
saaledes, sem Yet var instelleret 
i ,bovendrns Bestsklukat. 





Fic. 8. — Behm Echolot. 


when pressing a push bell. the cartridge is expelled from U, penetrates in the water and 
after a track of 75 centimetres below the surface of the water, a slow action fuse 
explodes 2 grammes of trinitrototuol placed at the base of the cartridge. The noise of the 
explosion acts on a first microphone placed on the side where the explosion takes place. 
The echo is received by a second microphone on the other side of the ship, of which the 
hull forms a screen against the noise of the explosion. 


The echo time is measured by an ingenious device called chronomicrometer, based 
on the motion of a disc suddenly brought into rotation by means of a spring at the instant 
of transmission and stopped by a tagentia! brake when the ccho is received 


The construction will be seen from the plan (fig. 9). A disc (1) which is balanced 
with the most complete accuracy and which revolves in ruby-bearings, is provided on its 
Circumference with the armature (2), the nose (N) and tecth (Z). The armature can be 
affected by the eclectro-magnet (4a). When the armature has been attracted. the spring 
(6) will be bent and the nose (N) wil! close contact with the stop (5), thus closing the 
circuit through the microphone (I). When the microphone is affected by the explosion, 
the current in this circuit will be cut off, the spring (6) will give the disc an impulse, 
and it will turn until it is stopped by the brake. This takes place at the moment when 
microphone (IT) is affected, as the circuit of the brake is then cut off, and the brakeblock 
is pressed against the teeth of the disc by its spring. On the spindle is placed a small 
mirror by means of which the light from the lamp 11 is thrown onto the scale, where it 
appears as a narrow strip of light. The turning of the disc may thus be read off the 
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seale. Round the spindle (3) is a weak spiral-spring (the balance spring) 


which is to swing the dise back. so that the armature of the 
enough to the electro-magnet to be attracted 





the object of 
disc is again brought near 
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LetGaee Os Behm Chronomicrometer. 








The measuring apparatus is provided with 3 


buttons (fg. 10). The butten to the 
left, N° 1. is the main switch and by 


pressing it the batteries are connected and the lamp 





lic. 10, — Behm Echo Sounder, type 1. 
In. By pressing the button in the middle, N° 2, the self-switches in the circuits of both 
microphones are short-encuited, which draws the brake back and the disc occupies its strained. 





APPARATUS WITH DETOSATORS 29 





positien, Ry pressing the button N* 3 the circuit is closed through the firing-gear, by 
which the cartridge is ignited, and its bottam part is fired into the water. 


This apparatus is also made with hand and dial (fig. 11). 





Fig. 11. Hand and dial Rehm Keho Sounder, 


b) Echo-Sounder Marti. 





(See also: Hydrographic Rei Mole Nap alee 


The charge which varies from a few grammes to a few hundred grammes in accord- 
ance with the depth to be reached. is primed by means of a detonator with a slow-action 
fuse. It is thereby possible to obtain the explosion at a suifticient depth below the wash 
of the propeller to avoid the air bubbles. 


When sounding under way a “lish-lead” is used; the insulating core of the cable 
suspending the lead forms the firing circuit. (Fig. 12). 


The noise of the explosion is received through the hull ‘by a microphone which is 
placed in a thick cast iron case full of water. 


Fig. 13 shows the mounting of the microphone on the hull; fig. 14 a section of the 
microphonic case; fig. 1§ the microphone itself and fig, 16 is a sketch of the suspension 
of the microphone. 


The eche coming from the bottom uf the sea is received by the same microphone. 
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ic. 12-16. — Echo Sounder Marti 





ic. 13, — Mounting oF MICROPHONE 
ON THE HULL. 





ie. 12, — FISH-LEAD GALLOWS. 
e 1. Metallic casing. 
ts Fish-lead. ‘ 2. Bottom plating. 
2. Suspending wire. 3. Microphone. 
3. Sheave. i. Rubber ring. 
4. Hand-winch. 
5. Gallows, 
6. Detonating cartridge. 





Fic. 14 
SECTION OF MICROPHONE CASE. 


Fig. 15. — MICROPHONE. 


Cap. 

Stuffing-box. 

Thick casing-side, 
Reinforcement. 

Thin casing-side, 
Microphonie capsule. 
Inortia-weight, 
Cover. 

Rubher packing. 
Twe-core cable, 


Small reservoir. 
Copper tube, 
Conical cover. 
Sleeve. 

Rubber ring. 
Small arches. 
Cover tighteners. 
Stuffing-box. 
Electric cable. 


PRnoes se 
SSeS RSet 





Vic. 16. — Suspexstox or MiIcRopHone. 
1. Microphone. 
2. Steadying strings from microphone to 
arches. 
3. Greased leather washers. 
4 Small arches. 
x-x. Parallel to fore and aft line of vessel. 
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‘Phe corresponding variations of the magneto oscillograph (Abraham type) are inscribed 
hy two indentations on the hand of an inked recorder; its stylus is a very fine nickel tube, 
one end ai which rests on the paper and the other is connected by a rubber pipe to an 
inkwell. (Sce ligure 17: Recording Apparatus). 





Pig, 17 — Beha Sounder Marui, The recording apparatus, 


The rotation at constant speed is obtained by means of a clockwork mechanism, the 
spring of which is wound up by hand; the regularity of the speed, which is absolutely 
necessary. is assured by a regulating contrivance based on centrifugal force the action of 
which is entirely mechanical: this regularity may, moreover, be controlled at any instant 
by the device of a coloured mark. 


The recording apparatvs of echo-sounder (Marti system) is fully described in Hydro- 
graphic Review, Vol. U1. N*® 2, July 1926, pages So & seq. (See figure 18). 


The speed can le easily regulated to within less than one percent of its detined value 
and, in consequence, accurate indications of soundings may be obtained. 


The noise of a gun cartridge shot into the water, from the bows of the ship, to avoid 
air bubbles. can also be used for producing sound. The pressure thus obtained is recorded 
in the same way as a detonation: the echo can still be perceived at depths of over 1.000 m. 


The rifle is Hitted with an ¢lectrical fring mechanism which enables it to be controlled 
by the Marti continuous sounding recorder. 
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ig. 18. Marti Recorcer 


The electric firing lock (lig. 1y) comprises a metal casing A, inside which is an clectrc- 
Magnel acting on a irun palm free to move around an axle GB. To the continuation Co oof 


rec iO ES 





Fic. 19. — Marti Echo Sounder for Neep water, using Rifle-Shots. 
Electrical firing mechanism. 








ON 
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this palm, outside the casing, is rigidly fixed an arm D which branches at its end into two 
lugs E astride the trigger guard F. These lugs have holes at their ends, and a pin G is 
passed through them and the trigger guard F. This pin bears on the trigger H to fire 
the shot. 

The end of the arm D is drawn towards the casing A by a strong spring hidden inside 
the latter. 

The time interval between the breaking of the electric circuit and the bullet's entry 
into the water is about 0.04 second, corresponding to a distance of 30 metres (16 3 fms.) 
on the depth graduation of the recorder. This interval is constant to within abour 0.0015 
second, which is equivalent to saying that it is possible to make the start of the acoustic 
phenomenon coincide with the passage of the stylus across the first line of the depth 
graduations, with a tolerance of about one metre on this scale. 


A two-pole switch is fitted alongside the recorder to enable the operator to start and 
stop the apparatus at will. A similar switch is fitied near the rifle to enable the rifleman 
to stop the lock working altogether if he should think it necessary for any reason. 

In the case of sounding by rifle-shots, the type of recorder used revolves at a speed of 
one revolution in 7 4 seconds (8 r.p.m.); the total width of the graduations of the record 
strip corresponds to a depth of water of 500 metres (273 ims); and the machine can be 
used down to a depth of 5.000 metres (2,734 fms.)-y successive steps of the emitter. 

When penetrating in the liquid element, the shot from the rifle generally gives rise to 
three or four consecutive waves due to elastic phenomena in the water, all of which takes 
piace in 6 or 8 hundredths of a second; if the same missile is turned round and expelled 
inetal bottom foremost, only two waves occur. The round bullet of a revolver generally 
gives only two waves, the second (which corresponds to the hammer blow) being consider- 
ably more powerful than the first (which corresponds to the entrance of the projectile in 
the water); lastly the detonation of an explosive charge generally produces also two waves, 
which are separated by an interval varying with the charge utilised. 

This secondary characteristic is a great drawback when utilising this method of sound- 
ing in shallow water. and consequently it is generally only used for depths greater than 
100 metres. On the other hand, it has the advantage of specifying the sonic waves utilised, 
by imparting to its record a particular form found again in the echo, which enables the 
identincation of the latter in spite of the numerous parasitic noises of same power. 

In examining great depths it is not generally necessary to take soundings at very short 
intervals. Consequently it is usual to make use of an automatic reducing device for the fre- 
quency of emission, which is fitted to the recorder and which limits the shots at wil] to 
one shot every 37 4 seconds or even one shot every 2 4 minutes. In spite of this deliber- 
ately wide spacing of the shots, the recorder produces sounding diagrams of very great 
clearness, on which the depth profiles can be traced without the least ambiguity. 

The installation of this type of machine on board is extremely expeditious, and entails 
very little cost, the acoustic devices being fixed without piercing the hull. For the same 
reason the sounding machine can be very easily transferred from one vessel to another. 
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X. Echo-Sounding Apparatus with Blow 
of a Hammer on a Metal Plate. 


British Admiralty Echo-Sounder. 


(See also: Hydrographic Review, Vol. V. N° 1, May 1928. p. 132; Vol. Vii, 
Ne 1, May 1930, p. 09; Vol. IX, Ne 2, Nov. 1032, p. 141; Vol. X, Ne 2, 


Nov. 1023, p. 130; Vol. XI, Ne 2, Nov. 1984, p. 91). 


The transmitter type A/S2 (fig. 20) is constituted by a circular horizontal steel plate 
set in motion by a cone-shaped metal hammer with vertical axis placed in an electro-magnet 
with two coils. A cylindrical spring. placed in the top part, tends to move the hammer 
from top to bottom, but it is maintained over the plate by the action of the current. 








Fic. 20. — Transmitter, type A/S 2. 


When the circuit of the electro-magnet is interrupted for a short space of time, the 
hammer propelled towards the bottom by the spring, gives a sharp knock on the plate; the 
current being connected immediately attracts the hammer which returns to its original 
position and presses on the spring. The plate vibrates with its own frequency : 1.250 or 
2,000 according to the case. This apparatus is fixed in the interior of the ship on a small 
tank filled with water under pressure. 


In the case of great depths, the electric hammer is replaced by a hammer worked by 
compressed air. Tach time the current is broken, the piston is forced down against the 
diagram by compressed air. After striking the diaphragm the piston is forced up by air 


pressure underneath and again held by the magnet on reaching the top of the cylinder. 
(Fig. 21 and 22). 
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Fic. 22 
British Admiralty 
deep-sea balanced transmitter. 
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British Admiralty deep-sea balanced transmitter. 


The receiver (fig. 23) is formed by a microphone tixed in the reinforced central part 
of a diaphragm, the frequency of which is the same as that ui the sound made by the 
hammer. The whole, protected by a lid, forms the top part of a small tank tilled with water 
of which the hull constituted the bottom. 
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Fic. 23. — Receiving Uydrophone. 


The adjustment of the transmitter and receiver increases the range and enables an 
easy separation of the echo from parasites. The receiver and transmitter are placed far 


one from the other in order that the microphone may not be affected by the noise of 
transmission. 
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In the case of great depths reaching 10000 m., the microphone is mounted at the end 
of a watertight vertical tube and can be plunged into the water below the ship. (Fig. 24 


& 25). 
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Pig, 24. — British Admiralty deep-sea hydrophone, sluice valve (ype. 


The echo time measuring apparatus (figures 26 and 27) consists essentially of an electric 
motor M, the motion of which is governed by a centrifugal governor, moving at a constant 
speed vertical discs 2 and 3 (figure 26), carried by the same axis, each of which is fitted 
with a pair of brushes 6 and 7. 


The brushes of the disc (2) when passing over the insulating segment (4) break the 
circuit of the magnet of the hammer during a very short time which produces the sound 
signal. The primary circuit of the induction coil comprises the receiving microphone. 
The brushes of the disc (3) close the secondary circuit of this coil on which a telephone 
is branched (11). But the telephone only rings when the direct or reflected sound-wave hits 
the receiver during the short time when the brushes pass over an insulated key (5). 


A hand-lever bearing a large drum E, with depth graduations enables one to vary the 
position of the insulated key (5) on the disc (3). The operator turns the hand-lever until 
he hears the cho in the telephone; he then reads the depth on the drum. The angle to 
which the hand-lever has been turned from zero is equal to the angle to which the dise 
(3) has turned between the time of the start of the sonic signal and the return of the 
echo. 
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Fic, 25. — Brilish Admirally deep-sea hydrophone, sluice valve type. 
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This apparatus has the e@rear advantage ai being selective in the following manner : 
it reduces to a very short interval af time the necessary period of awaiting the echo, it 
avoids most disturbances and inconveniences due to noise on board the ship. 

In great depths the number of revolutions must be taken carefully into account,-for 360° 
In 1/2 a second corresponds to a depth af 373 metres (205 fathoms), and it is most advisable 
Wo distinguish carefully between a depth of h metres and a depth of h -F 1 375 metres, 
nu being a whole number. 
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Fic. 26. — British Admiralty Echo time measuring apparatus, 


The accompanying photograph (fg. 27) gives a general view of the receiving gear 
which may be attached to a support, or chart-house wall. 


In order to take into account, in shallow water, the distance which separates the trans- 
mitter and the receiver and the errors of parallax therefrom, it is possible, in certain cases 
of installation, to introduce near the necdle a correcting device in order to obtain directly 
an exact reading of the depth. 


Accuracy, in shallow waters, may be relicd upon within 1 foot, and soundings may be 
obtained in two feet of water or even less. 


Tt has been found convenient to add to the sounder an electrolytic recorder, the tele- 
phone apparatus being used only as an auxiliary. 


The recording takes place on a band of paper rendered sensitive with starch iodine. 
and the inscribing stylus mounted on ball bearings running between fixed guides, is moved 
along its track by a special adaptation of a dog-clutch type of mechanism driven by a 
chain; the chain carrying the dog completes its cycle in the echo-time of 1.000 fathoms, 
and the time of traverse of the stylus across the paper is the echo-time of 250 fathoms. 


At the end of the paper, the stylus is lifted off the paper. returned to its starting point 
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by a return spring, and again lowered on to the paper in readiness for the dog-ctutch to 
take up the drive on its return. the dog going round with the chain 


A scale from o to 250 fathoms is fixed over the paper so that the position of the stain 
record made by the stylus can be read off immediately, Other scales are provided, com- 
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ic. 27. — Receiving gear. 


Hfand-wheel. Governor, . 
Lamp cirenit box, Slow speed transmitter switch. 
Draft scale. Ebonite sexment. 


Pointer, High speed transmitter switch. 
Depth scale. Motor. 


Telephone brusiies, ; Main switch. 
Rotating telephone switch. Yelephone plugs. 
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pensated for the shrinkage of the paper in drying, for reading off the depth shown on 
the dried paper when the results are worked up. 

A control far the sensitivity of the hydrophone is included in the gear which enables 
stray disturbances arising during the passage ot the stylus across the paper to be climinated. 





Vic. 28. — Brilish Admiralty Echo Gear, Mark VI 
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The incoming signal picked up hy the hydrophone is passed through a transformer 
coupling to a valve amplifier and thence to the recording stylus. Any disturbance reach- 
ing the hydrophone during the passage of the stylus across the paper is recorded on the 
paper in the following manner : the paper is sensitised with iedide-starch and is kept mois- 
tened, which renders tt sensitive to the passage of a weak electric current. and this weak 
current irom the stylus passes on to the paper on which it produces the appearance of a 
sharply defined sepia stain. This sepia stain is due to the liberation of iodine. 





The brushes of the hammer revolve also in an echo-t'me of 1.000 fathoms (1.829 m.) 
ic, 2 4 seconds. 


The hammer control circuit is broken each time the rotating brushes pass whe gaps in 
the two segments of the stationary disc. This dise can he rotated by hand from the outside 
of the case and the variorg: step by step advances in the emission of the signal have been 
obtained. The dial is engraved from 0 to 1,000 fathoms and the 200 fathom steps are 
obtained very accurately by a special clicker catch arrangement 


Driven from the back of the rotating brush shaft is a Maltese Cross motion which 
operates a rotary selector switch controlled from a small selector switch which can be 
mounted at any convenient place near the instrument; this enables the operator to regulate 
the interval between successive signals. the intervals available being 2 !. and 15 
seconds respectively, corresponding to 1,000, 2,000, 3,000 and 6000 fathoms. 





The signal emission arrangements thus permit of a signal every 2 4,15 seconds with 
vither 0, 200, 400. Goo or 800 fathoms advance with regard to the moment when the 
recording stylus passes zero. 


An additional apparatus enables the zero and the hour to be also recorded. 


The same band of paper can be used for 60 hours’ sounding. An electrolytic pen is 
also provided with which notes can be made on the record itself (fig. 28). 


b and c) Echolot of the Atlas Werke of Bremen and Fathometer (Shallow Water) 
of the Boston Submarine Signal Corporation. 


These two sounders of very similar ‘construction, and a short description of which is 
given in the following chapter. can also be used with impact oscillators (type 399. for 
shallow water (jig. 29). 





Fig. 29. — impact Oscillator, type 399. 
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This oscillator is provided with a plunger which is lifted against the action of a spring 
by a streng direct current electro magnet. When the current through the magnet ceases. 
the spring drives the plunger with uniform strength at each blow against the diaphragm. 
The oscillatur may he suspended in a large water tank, in which case the sound is trans- 
mitted from the diaphragm: through the water surrovnding it to the ship's skin and thence 
to the veean, or it may he mounted, depending on the construction of the ship, with the 
diaphragin directly in contact with the ship's skin, in which case no water tank is required. 


This oscillator is operated by direct current from the ship's line. 


d,) Hull Hammer Sounder (Marti System). 


The Marti sounder described above, paragraph IN (hb). can also be operated by blows 
from a hull hammer. (Fig. 30). 





ta. 80, — Spring Hull-Hammer. 
1. Cable. 
2. Exe for cable. 
3. Nuts and metal washer. 
4. Rubber washer. 
5.) Hamtmer-rod. 
6 Spring 
7. Cylinder. 
8. Hamer. 
9. Frame, 
10. Bortom plating. 


The hull hammer is mounted on the framing of the vessel below the water-line, at 
some distance from the microphone, so that the indentation caused by the departing wave 
may be of the same order as the indentation caused by average cchioes. 


A steel cable connects the hammer to the control handle mounted near the recording 
apparatus, so that one man can take the soundings. (Fig. 31). 


Fic. 31. — Hammer controlling handle. 


1, Assembling bolts. 
2. Handle. 

Stirrup. 

Cam. 

Plate. 

love for cable. 
Guide. 

Cable. 
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The handle apparatus consists of two rectangular plates secured by bolts, a groove mun- 
ning down the length of each of them, to provide a guide in which moves a red (ig 31). 
A spiral shaped cam, actuated by a handle, is mounted on an axle and moves the rod 
up and down: the rod is fitted with an cycholt to which the control cable is secured. 
When the handle is turned the cam moves the rod which compresses the spring by the 
intermediary of the cable: the sudden fall and hammer blow are produced at the instant 
when the point of the cam disengages the rod bolt; the mancuyre docs nor require any 
special precaution; it may be repeated frequently at short intervals, 

To prevent a second blow in rebounding, a thick indiarubber washer, on which rests 
a metallic washer attached to the rod, is inserted on the upper part of the cylinder of 
the hull hammer; the adjustment is made by means of a nut and lock-nut. so that in the 
position, of rest the head of the hammer is withdrawn about two millimetres from the 
frame on which it should heat 


Av striking apparatus can also be utilised with the Marti recorder (fig. 32). This 
apparatus comprises an anvil and an clectrically driven hammer, 





Fie. 32, — Marti Hammer Transmitter. 


The anvil FE. a big disc of special steel, rests on a cast-iron ring F, fitted with a 
rubber joint underneath and solidly atiached to a plate in the bottam of the sounding 
craft. The cavity thus formed between the anvil ard the hull is filled with water. giving 
ample continuity in the medium between the anvil and the bottom without making it 
necessary to pierce the hull, The hammer M is forced vigorously downwards by a 
strong cylindrical spring R. but can be raised by a powerful electromagnet A. Thus, when 
the current is broken, the hammer is violently projected on to the anvil the energy 
absorbed by the shock ‘being 0.3 kilogrammetre (2.2 ft. lb.) To avoid ill effects due to 
self-induction, the electric current is considerably reduced before rupture by interposing 
a resistance. the hammer however being still held up. The rotating arm of the recording 
apparatus which controls the working of the striker is provided with two switches for 
this purpose, one of which establishes the normal current. the other the reduced current. 

To prevent the emissions (except for the check emisstons) being: recorded, the oscillo- 
graph circuit passes through a circuit breaker attached to the anvil. The circuit-breaker 
is very simple. being composed of a weight actuated by a small cylindrical spring, which 
automatically breaks the circuit at each hammer stroke. 

Only one microphone is utilised and a recorder with inked or smoked paper. The 
electric apparatus is regulated in such a way that the starting peak can be made to appear 
or not at will: generally it is allowed to appear once in twenty times and serves solely 
as control of the fixity of the zero. 
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XI. Echo-sounding apparatus using 
an audible frequency transmitter. 


Echo-Sounders originally used in the United States Navy, adopted as sonic generator, 
the Fessenden oscillator which was previously employed for sub-marine signalling. In this 
transmitter (hg. 33). number 1 indicates a rigid diaphragm in contact with the water, 
number 2 represents one-half of a powerful electromagnet rigidly attached to the diaphragm, 





Fic. 33, — Fessenden Transmitter, 


and number 3 represents the other half of the electromagnet which is suspended in position 
by the clastic steel rods represented by numbers 4. When an alternating current is passed 
through the magnetizing coil. the suspended half of the magnet vibrates back and forth 
alternately compressing and stretching the rods by which it is suspended and exerting a 
powerful thrust and pull on the heavy diaphragm that may equal several tons. Because 
of the incompressibility of water, it becomes necessary to exert great forces on the dia- 
phragm to produce even a slight amplitude of motion. 

Oscillators of this type were adjoined to the Sonic Depth Finder type S.E. 1378 of 
the United States Navy. 


a and b) Fathometer of the Submarine Signa! Corporation of Boston 
and Atlas Echalot of the Bremen Atlas Werke. 






(See also: Hydrographic Rew 
Vol. VIII, Ne 2 Nov. 19: 
Vol. XV, Ne 2. Nov, 1938, p. 02). 


‘Ne 1, May 1928, p. 143 and 153; 
: Vol. XI, Ne 2, Nov. 1984, p. 25; 









These two apparatus are similar in every way. 

The Universal Fathometer type 432, comprises two transmitters, oscillator type 399 for 
shallow water (exterior scale of the indicator, red light) with hammer, which has been 
mentioned above, paragraph Xe and oscillator type 324 (lig. 34) used for great depths 
(nner scale of the indicator, white light). In the latter type, a thick iron diaphragm is 


connected with an electromagnet receiving a current of a frequency of 325 cycles generated 
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hy a special electric equipment. When an alternating current is passed through the wind 
ings of this electromagnet the diaphragm is made te vibrate to and fro and thus produce 
powerful sound waves in the water. 

The frequency of the alternating current is such as to suit the pitch of the oscillator 
diaphragm. As long the alternating current is maintained in the magnet. the diaphragm 
cuntinues 10 vibrate emitting a powerful note having a frequency af about 150 cvcles 








Fic. 34. -- 324 Oscillator, 


The submarine oscillator is a device which has been heard under water at a distance 
of 80 miles and which can emit enormous energy in a very small space of time. 


The frequency of the alternating current is such that the magnetic pull pulsates with 
the natural frequency of the diaphragm, and a high pitched musical note results. As a 
consequence of the musical note, the echo is easily distinguished from water noises and 
accidental blows against the ship’s hull. 


The circuit of the oscillator is normally open, but is closed for a very small fraction 
of time by a cam in the Fathometer Indicator at the instant that the signal should be 
emitted. 

The reflected sound waves act on the hydrophones. 


Three hydrophone receiving units, two for the shoal and the third for the deep range. 
are included in the installation. 


For the shoal range two hydrophones comprise the sound ireceiving unit. These hydro- 
phones are mounted in a small tank of water bolted against the inner skin of the ship, the 
hull forming one side of the tank. They are essentially water-tight telephone transmitters 
and are particularly sensitive to the highly damped signals produced by the impact 
oscillator. 

For the deep range a single hydrophone is provided. This hydrophone is mounted 
in a separate tank near the keel where it will be favourably located for receiving the less 
powerful signals echoed from great depths. Although similar in principle to the hydro- 
phones used for obtaining soundings in the shoal range, the general appearance and charac- 
teristics are distinctly different and this hydrophone is especially tuned for efticient response 
to the sound waves produced by the Type 324 Oscillator. E 

Control of the sensitivity of the hydruphones is obtained by regulation of the knob 
located al the lower left side of the Indicator control panel. 
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Aodilter placed Jetween the microphone and the amplitier allows passage only to fre- 
quencies in the neighbourhood of the sound wave emitted, this eliminates parasites which 


are generally or law frequency. 


The Fathometer  Indeeater (ug as. & 36), contains = the — Uime-measuring 
apparatus and other switches This measure is obtained hy revolving an opaque dise at 
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ic. 35. — Fathometer Indicator. 


a uniform and known speed. This dise carries a pointer. in reality a narrow slot in the 
disc. which passes rear a fixed scale on the front of the Indicator calibrated in fathoms. 
At the instant that the slot in the disc passes the zero of the scale, a circuit is closed by 
a cam, which energizes the oscillator for an instant and causes it to emit a very short 
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train of submarine sound waves of a frequency of Los0 cycles per seer These sour 
waves are reflected from the bottom of the ocean and, whey they reach at Lovett 
the hydrophone, thereby cavsing a light back of the slet te be dluminat thas radicace 
fo the observer their arrival. The position of the slot relative te the cd ! in the 


tbe read and that reading indicates the depth of water 





Fic. 36. — Interior view. 


For measuring the depths of shallow water, the illuminant. used back of the slot, is 
a neon tube which is connected with the hydrophone in such a way that the tube is 
lighted when the hydrophone is agitated by the echo of the submarine signal created by 
the oscillator. The rapid succession of signals makes it extremely easy for the observer 
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to read the depth on the scale at a point where the light flashes. This light is reddish 
in colour so that the scale for shallow depths, ic. from to to 100 fathoms, is frequently 
spoken of as the ~Red Light Method”. 


The disc in the red light method makes about one revolution in one quarter of a second 
which corresponds with the time which it takes a submarine sound to travel to and from 
a reflecting surface 100 fathoms distant. If greater depths are to be measured. it is 
necessary to revolve the disc less rapidly. Provision is made in the Fathometer Indicator 
whereby the trains of gears employed can be quickly changed so that the disc, instead of 
revolving four times cach second makes a single complete revolution in one and one-half 
seconds. This change in speed necessitates a new scale on which depths can be read directly 
up to six hundred fathoms. When the disc is revolving at this slower speed and measure- 
ments are to be made in deep water, a second slot on the disc is employed which is 
diametrically opposite that used for shallow water. Therefore, when the gears are shifted 
to cause the disc to revolve more slowly, a small incandescent lamp back of this second 
slot is lighted permanently and. shining through the slot, makes a finger of light which 
moves over the outer scale of the Fathometer once in every one and one-half seconds. 
This light is that of an incandescent light, hence this method of reading depths is fre- 
quently spoken of as the “White Light Method”. 


Interlocking with the gear trains are two cam systems, one of which operates the 
Type 399 oscillator for the shoal range once in every 8 revolutions of the red light, and 
the other of which operates the Type 324 oscillator for the deep range once in every two 
revolutions of the white light. The cams are arranged so that cither one or the other of 
the oscillators operates, as indicated above. as the corresponding light passes the initial 
point on its scale. The distance, therefore, on the dials through which either light has 
moved when the echo signal returns, ‘actually measures elapsed time, but inasmuch as the 
dials have been calibrated in fathoms, the correct depth is read directly from the position 
of the lights on their corresponding dials. ‘ 


The speed of rotation of the motor in the Indicator is shown by a “reed” frequency 
meter located above the two dials. When the middle reed is vibrating, the motor is 
operating at the proper speed for making either shallow or deep soundings. The motor 
speed may be increased by turning the Speed Control at the lower right-hand side of the 
Indicator control panel clockwise, or decreased by turning it counter-clockwise. 

In the white light method for great depths. the observer uses one or two telephone 
receivers so connected that they are responsive to the echo. The observer, when he hears 
the echo, notes the position of the illuminated slot pointer on the outer scale. 


The change of the Fathometer from shoal range sounding (Red Light Method) to deep 
range sounding (White Light Method) and vice-versa, is obtained by a turn of the switch 
button in the middle of the control panel on the front of the Fathometer Indicator. This 
switch controls the circuits so that cither the Red Light or the White Light Methods of 
soundings can be used as desired. 


This Fathometer allows visual indications of depth in a range from about 2 to 125 
fathoms to be obtained automatically with an accuracy to within one-half of a fathom. 
Depths above 125 fathoms are measured by audible means with an accuracy which is 
dependent upon the experience and skill of the operator. Depths as great as 1.500 or 


2,000 fathoms may be measured with an error not to exceed § or 10 fathoms. 


The German apparatus of Atlas Werke are in general founded on the same principle 
as the Fathometer. A recorder, called echograph. is used in Germany as well as the optical 


_ indicator; this echograph comprises an oscillograph of which the stylus marks a short 


stroke when the echo arrives in the white wax film with which the paper is covered, so 
that the red ground colour of the latter becomes visible and marks the depth. The single 
strokes follow so closely to one another that they result in an uninterrupted depth curve. 


The actual width of the record paper is 120 ™%m (4 3 in.) with the scale showing 0 to 
250 m., ic. 1 ™%. for 2m. of water. The scale can also be used to show 500 metres depth, 
or switched over to show © to 250 m.; or 250 to 500 m., in each case utilising the full 
width of the recording strip. The supply of paper enables the apparatus to work for 
about 125 hours. The wax-coated paper renders the use of ink unnecessary and has the 
advantage of unlimited durability. The paper strips are graduated in metres so that the 
depths can be read off directly. 
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©) Signal-Lot of the Signalgesellschaft, Kiel. 


This Keho-Sounder which takes soundings from 50 metres (25 fms) down to the 
greatest depths. was utilised during the German Atlantic Exypedition of \Veteor (1925-1927). 
It comprises a powerful clectromagnetic transmitter, type Hahnemann & Hecht manu- 
factured by the latrer. The me of the echo is measured by comparison with the duration 
of rotation of a dise actuated by a uniform retary movement. .\ short description of this 


sounder is given in flydrographic Review, Vol. Vi N° [To May 1928, page 16 (see fg. 37). 





d) Dorsey Fathometer of the Coast and Geodetic Survey. 


(See alee: dydrographic Review, Vol. NUPL Nut, Now. EI, page an, 


Kor sounding shallow water. the Technical Department of the Coast and Geudetic 
Survey has established an accurate sounder in which the correct speed of the indicator 
is assured at all times 





Fig. 38. — Dorsey Fathometer, 


The indicator consists of the rotor and the stators and a starting motor to bring the 
rotor up to synchronism, the desire being that the indicator shall run either at its correct 
speed or not at all. The motor is run by current taken from the furk circuit and amplified 
by a pair of power triodes. A trning fork can easily he kept on its frequency with an 
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error less than 0.1 per cent, and if one uses temperature control of the fork, any desired 
accuracy may be obtained. With a fork made of steel having a low temperature cocfft- 
cient of modulus of elasticity, temperature control is unnecessary. In any method of con- 


trolling speed by a governor no correction to the speed can be made until the speed has 
changed, whereas with a tuning fork the regulation is almost continuous. With this fork 
frequency, the velocity of calibration is 820 fathoms per second. or 1.499.6 metres per 
second. On the same shaft with the rotor is a disc having a narrow slot and just back 
of this disc there is a neon tube bent in the form of a circle so that when the neon tube 
is illuminated it will be seen through the slot in the disc. In front of the disc is a glass 
scale calibrated to 20 fathoms, the fathoms being subdivided into feet. The diameter of 
the scale is about 8 inches so that the length of the scale is 25 inches, thus giving 0.2 of 
an inch for t foot of depth or 1.8 centimetres per metre depth if the scale is calibrated 
} in the metric system. These divisions can easily be read to tenths so that it is possible to 
read to tenths of feet or to 10 centimeters on a metric scale. The dial is frosted slightly 
so that little light is reflected, making the Aashes more readily perceptible. At one side 
near the teeth of the rotor there is placed a small neon tube, which is actuated from the 
1025 cygle alternating current, giving 2,050 flashes of light per second on the teeth making 
: it appear to stand still when the rotor is in synchronism with the tuning fork. 
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Fic. 39. — Dorsey Fathometer. 


In order to send the signal, contacts were found unreliable, due to chattering, so a 
small concave mirror is rotated on the shaft to reflect light from an incandescent lamp 
to a photo-electric tube. 


| The signal is therefore sent without any mechanical intervention : the flash of light 
on the photo-clectric tube is amplified and acts on the lamps to transmit the signal. 


da. Toa 
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A slot under the photoelectric tube is adjustable so as to correct the position of the 
flash at zero made when the signal is produced so that the readings may indicate surface 
depth instead of depth under the ship. 


As there is only one transmitter-receiver, the scale is uniform in its whole Jength. 
no correction being necessary as in the case of a separate transmitter and receiver. * 


The apparatus gives 20 indications per second and sounds from 0 to 20 fathoms 
(36 m. 60). (Fig. 38 and 39). 
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XII. Echo-sounding apparatus using 
inaudible frequencies. 


1° ULTRA-SONIC SOUNDING APPARATUS. 





a) RECENT ULTRA-SONIC SOUNDERS S.C.A.M. AND MARCONI. 


Piezo-electric properties of quartz, 


In this apparatus. the piezo-electric phenomenon of quartz is utilised to transform 
electric oscillations into elastic oscillations. 


This piezo-electric property of quartz was the subject of studies in 1880 by Pierre 
and Jacques Curie and in 1881 by Lippman. Mr P. Langevin applied this property to 
acoustic problems. 


Piezo-electric propertics are met with in certain crystals, for instance quartz, 2, which 
ig used and which in nature ordinarily appears in the form of hexagonal prisms, which 
is also the form of the perpendicular section thereof of which the three diagonals, which 
are at 120 degrees from one another, are three dyad axes of the crystal; they are called 
also “electric axes” on account of the phenomenon now under consideration. 


If a sheet AB be cut from the crystal perpendicular to one of these electric axes, 
the thickness of which lies in the direction of a dyad axis XY and the surface contains 
what is called the triad axis of the crystal, it is found that if this sheet be compressed 
it will become electrically polarised although quartz is an inert substance. If two sheets 
of tinfoil Le placed on the two faces, they form the armature of a condenser and if these 
two shects be connected by a wire, when the plate is compressed it takes up what is 
known as an electric polarisation which causes the passage of a current in the circuit. 


The electric charge A of polarisation is proportional to the pressure p exercised and to 
the surface S compressed with a coefficient & called piezo-electrical modulus the value 
of which. for perfect quartz, was determined by Pierre Curie: 


Aztps 
—8 
a 3 = 6,45 >< 10 C.G.S. 


If the combination so formed be compressed, the armatures will be electritied and 
a current in a definite direction will ‘be obtained; and if the pressure be released a current 
in the reverse direction is produced. This is the direct piezo-clectric phenomenon. The 
same arrangement can be used to detect the arrival of elastic waves; if the two armatures 
of the condenser are placed one in contact with the water and the other insulated therefrom 
and ultra-sonic waves reach them, the variation of pressure in the water periodically 
compresses the quartz and. produces periodical currents. If a self-induction be inserted 
so that the period proper to the electric circuit is exactly the same as that of the incident 
waves, the current which tends to be produced will be amplified by resonance, and an 
electric oscillation will have been produced with ultra-sonic waves, due to the piezo-electric 
properties of the quartz. 


_ This Provides the means of direct transformation of clastic oscillations into electric 
oscillations in a circuit, and if the quartz condenser be tuned in accord therewith the 
resulting effect may be amplified (fig. 40). 
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Lippmann has shown that this phenomenon is reversible. If a difference of potential 
W is established between the two armatures of the condenser the plate of quartz will 
contract or expand to an amount in proportion to % W. the modulus 3 having the same 
value as previously This fact remains correct in the case of an alternating ditference 
of potential, and experience proves that ‘by means of quartz an electric vibration can be 
transformed directly into an elastic vibration of same frequency. 





Fic. 40 


The condition which appears necessary is that the magnitude of these contractions 
and expansions must be precisely of the amount of amplitude desired. This amplitude 
is obtained at departure by the following formula: 


P { 
2 
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in which = is the power given by square centimetre at the source, %_ is the density of 


water, Vg the velocity of sound in the water, and © the pulsation of vibrations. 


For 40,0c0 periods and a power given per square centimetre of 1 watt. the amplitude 
at the source is in the neighhourhood of 027 thousandth of millimetre. 


The value of 1/3 watt/second per sq. centimetre is approximate to the maximum of the 
vibrating energy which -water can transmit to the atmospheric pressure without breaking. 
that is without emitting vapour bubbles. This important phenomenon of the vibrating 
cavitation in the water, which is independent of frequency, places therefore a limit to the 
power cmitted per sq. centimetre. which applies to all sub-marine generators of vibrations. 

The figures are sti!] much more surprising when that which happens at the return 
is considered and also that it is the same organ which serves both as a projector to emit 
the radiation and as an ear with which to perceive the echo sent back. When a signal or 
an echo is received, the amplitudes are very much reduced for they diminish in accordance 
with the law of the square of the distance; the amplitudes on return, which press on the 
quartz thus producing the ‘currents which must work the amplifier, are of the order of 
10°19 cms., that is to say a very good ultra-sonic reception must be available, for the 
molecules of water have movements the amplitude of which does not exceed one billionth 
of a centimetre. but by using the phenomena of resonance the difference of potential can 
be reduced to 3,000 volts which is admissible on board ship. 

At the receiver arrangements are made so that the electric circuit containing the 
guartz has the same frequency of oscillation as the exterior excitement: thus an amplifica- 
tion is obtained which is in addition to that resvlting from the use of the valve-amplitier. 

For emission an elastic resonance is introduced. If a sheet of quartz of a certain 
thickness be taken, ie will vibrate somewhat like a rod with a frequency in inverse pro- 
portion to its thickness; again if, when this quartz plate is excited by an alternating current 


= 


ee 
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of acertain frequency, matters be so arranged that the elastic oscillation of the sheet shall 
be exactly in resonance with the exciting waves, the amplitude of the mechanical move- 
ments which the sheet takes up will be augmented. 

Further, instead of obtaining the elastic resonance from quartz, it is procured from 
steel, and instead of utilising a thick sheet of quartz, Monsieur Langevin utilised a thin 
sheet of a few millimetres in thickness. and as big pieces are difficult to obtain. he built 
up a mosaic 10 cms. (4 ins) in diameter with pieces 2 to 5 ™m (0.1 in.) thick. (Fig. 41 & 42). 


Fic. 41. — Quarts Mosaic. 


This mosaic of qvartz is stuck between two plates of steel, of which one forms the 
cover of the watertight box. The other steel plate is placed inside the box. insulated and 
in contact with the quartz and an opening is made through which passes the conducting 
cable connected with the other plate of steel. The whole of the interior can be filled with 
a more or less insulating thick mixture. These two plates of steel are each 3 cms, (1.2 ins.) 
thick. ic. 6 cms. in all. The sandwich thus formed constitutes a compact solid of stone 
and steel without any movable organ which might have a period of vibration of its own. 





Fic. 42 


If the resonance be commenced at the proper period, it is the total thickness which 
determines the half wave-length, and consequently, the power at which resonance is obtained. 


This arrangement led to a very surprising and unexpected result, which was that, far 
from acting very much worse than with a fine picce of quartz, everything happened as 
though the steel itself had ‘become piezo-electric. 


If the quartz be thin in relation to the steel, the factor of amplitication is : 





¢ is the density of metal allied to quartz, ¢ that of quartz, V is the velocity of sound 


in metal and V, the velocity of sound in quartz. 


In view of the density of steel, this factor is equal to 25 approximately, so that in 
utilising this remarkable property an emitted energy 625 times greater is obtained with 


= 
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the triple-ply with the same difference of potential. Where 60,000 volts were necessary, 
ouly 2,500 are reqvired now, which corresponds to ordinary conditions of practice on 
board. 


It is sufficient to excite the triple-ply with a voltage 25 times weaker than that 
required for a thick sheet of pure quartz. 


Increase of power in emission is accompanied also by an increase of sensitiveness in 
reception. 


For soundings, an ultra-sonic projector is used made of sheets of quartz placed 
between two steel plates of equal thickness h which form the armatures of the condenser. 


One of these plates is in contact with the water, and the other insulated by a sheet of 
quartz, is charged to a varying potential at the desired frequency, for example by a triode 
valve acting as heterodyne. 


allt 






Amplificateur 


. 


Fic. 43. — Oscillograph Detector. 


If it be desired to produce waves of frequency N in the steel. then h must be made 
equal to one quarter of the wave-length in steel at this frequency. 


Then the plates become resonant ‘by pressing on each other through the sheet of quartz 
and the movements of the surface of plate B easily attain an amplitude of 104 "Ya. 


The vwitra-sounds reflected by the bottom of the sea hit the projector, are transformed 
into clectric oscillations which are increased hy an amplifer and registered by an oscil- 
lograph. (Fig. 43). 
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Recent Ultra-fSonic Instruments. 
Quartz ultra-sonie projectors. 


The Langevin, S.C.\.M. or Marconi Ulira-Sonic Projector (ig 44 & 45). appears 
as an iron box 6, the central part of the bottom of this hemg the outer vibrating armature 
of the piezo-electrical condenser. It is this surface which transmits the ultra-sonic vihra- 


tions to the water. The box contains a piezo-clectrical plate of quartz 7 placed ferween 








Big. 44. — Quarts Ultra-Sonic Projector, 


the outer steel plate 8 and the inner ceunterpoise plate 9; these two plates form the 
armature of the condenser. A highly insulated wire 10 crosses the neck of the Projector 
and connects the inner plate to the clectrical transmitter with an earth return. 





9 armature 





mteneure 
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Fic. 45 


The projectors have a diameter of 10 to 31 em. according to the maximum depth to 
be sounded, as the puwer emitted is proportionate to the surface. They emit a sheath of 
conic-shaped ultra-sonic rays with an opening of approximately 12°, and the frequencies 
used are comprised between about 65.000 and 30,000. 
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Montage d’un Projecteur UlLtra-Sonore de Sondage 


sur La coque d'un navire de surface 
accessible de Lintérieur du navire 


Projecteur US, Langevin type Sondage N‘4 
Piétement en acier moule 

Bride porte-projecteur 

Bride du tube-écran 

Tube-écran étanche 

Cable tsolé allant a l’'Emetteur-Recepteur 
Presse.etoupe du cable 

Téle de bordé convenablement renforcée 

Face emettrice du Projecteur [doit étre horizontate] 
Axe de symétrie du Projecteur, ventical. 

Cale [accessible lors du démontage en SCAM 296 


A 
B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 





Fic. 46. — Fitting of an Ultra-Sounding Projector 
to the hull of a surface vessel with accessibility from inside the ship. 


A. Langovin ultra sonic projector - Sounding type n°4 G. Cable stuffing-box. 

B. Cast-steel base. H. Bottom-plating suitably reinforced. 

C. Projector-bearer flange. Beas : ; 
D. Protector-tube flange. I, Emitting face of the projector (should be hori- 
E. Watertight protector tube. zontal). 

F. 


Insulated cable connecting with the Emitter. J- Asis of symmetry of the Projector (vertical). 
Receiver. K. Hold (accessible for taking down in dry dock). 
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Fic. 47. 





— Twin (Quarts-Steel) outboard bow fitting rotated on tracks 


fo outboard position on bow. 
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Diameter of the Period of © 
transmitting vibration proper 
plate. per second. 


(1) Projector S.4.ter (normal range 500 m. - 


maximum range 1,000 m.)............. 220 Yn 37,000 
(2) Projector S.7 bis (normal range 1,000 m. 

- maximum range 2,000 m.)........... 310 "%n 29,000 
(3) Projector $.16, triple-ply, may be dis- 

mounted afloat, special for trawlers... 220 Kn 39,000 
(4) Projector §.23, coastal type............ 100 Xn 65,000 


The hull fitting by which the ultra-sonic projector is attached to the ship’s side 
consists of a cast steel bed-plate secured in a watertight manner to the side plating by 
bolts or rivets. (Fig. 46). A tube, which also forms an electromagnetic screen against 
parasitic induction from the different electrical circuits on board, contains the leads running 
between the projector and the emitter-receiver. It forms a watertight conduit, protecting 
the cables from damp. 


Figure 47 shows a twin (quartz-steel) outboard bow fitting rotated on tracks to out- 
board position on bow. 


As the Projector is used for transmitting and receiving the echo, it is essential that 
the transmission of the signal be completed when the echo, as produced by the bottom 
of the sea, returns to the projector. When soundings are taken in shallow water, the time 
interval t, which separates the signal from its echo, is very short owing to the high value 
of the velocity of sound through water (i.e. t = 1/100 of a second at a depth of 7.5 metres 
(24.4 ft). 


As soundings in very shallow waters are of extreme interest to navigation, it is 
necessary to use a very short ultra-sonic signal. 


For this reason an emission consisting of a single train of damped ultra-sonic waves 
(fig. 48) is used. The duration of such a wave train (about 1/1,000 of a second) is very 
short in comparison with duration t corresponding to the smallest depth to be measured. 
This is produced electrically by means of an exciting pulsation Spark Transmitter which 
gives a single wave train for every signal. 
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Fic. 48 


Fig. 49 is a wiring diagram showing the principle of the electrical emitter and its con- 
nections with the projector and receiver and with the recorder. 


The discharge circuit of the battery of accumulaors 39 consists of the primary 40, a 
transformer (induction coil) 41, and a special contact breaker 260 or 42, in parallel with a 
condenser 43. 

The secondary 44 of the coil 41 feeds a spark circuit composed of a multiple dis- 


charger 45. the self-inductance exciting coil 46, and a condenser 47 (the positions of the 
discharger and the condenser may be exchanged indifferently). 
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Fic. 49. — Langevin-Florisson Ultra-Sonic Sounder - Electrical connections 


The fixed values L of this exciting coil and C of this capacity are adjusted at the 
factory so as to give approximately : 





7 S 2k Lc. 


N, being the frequency of mechanical resonance of the projector. 
For the small projector (effective diameter 220 ™%n). 


N_ = 37,030 corresponding to 4 = 8.100 m.) 
For the large projector (effective diameter 310%). 
N, = 29.100 corresponding to % = 10.300 m.). 


The oscillating circuit proper comprises the main self-inductance coil 48 coupled with 
the exciting coil 46, and an auxiliary self-inductance coil 49 (variometer) in variable coup!- 
| ing with the former, for adjusting the frequency of the train of waves and the piezo- 
, electric condenser of the projector 15. This oscillating circuit is adjusted on board by 

| means of the variometer, so as to get a proper frequency of electrical oscillations exactly 
| equal to N, for bringing into play the properties of mechanical resonance of the projector 
fet (Fig. 50). 


| On closing the contact-breaker 260 or 42, the crrrent from the ‘battery -39 flows in the 
| primary of the induction coil 41. 


On opening the same contact-breaker, cither by hand (switch 260), or periodically at a 
set and automatic rhythm by the working of the recorder (chronograph, analyser, recorder, 
etc...), (contact-breaker 42), the battery current is sharply broken. A very rapidly growing 
electromotive force is set up in the secondary of the coil. When the difference of poten- 
tiat produced by the latter at the terminals of the spark gap 45 reaches the disruptive limit 
imposed by the size of the divisions of this multiple spark gap. the condenser 47 discharges 
in a few oscillations, thus inducing in the oscillatory circuit a single train of damped waves. 
lasting a matter of one-thousandth of a second, which is transformed by the projector into 
a train of ultra-sonic waves of the same form. constituting the submarine emission signal. 
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Fic. 50. — Oseillating Circuit, 


In the case of soundi:y in very shallow water from small ships or boats, where only 
2 small power is required, the emission can be obtained by the sudden discharge of a con- 
denser charged by a battery of 80 volts in a choke coil coupled to the self of the oscillating 
circuit (fig. 51). 


By means of an amplifier A connected permanently to the” projector. the emission 
deviates a pen or a mirror mounted on the oscillograph O. Another deviation of the pen 
or mirror takes place by means of the clectric oscillations generated in the oscillating 
circuit at the time when the triple-ply receives the train of reflected ultra-sonic waves. 


I a a ee 
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The amplifier permanently connected to the projector, has been specially devised for 
transforming the short transmission and echo oscillating wave-trains into current impulses 
representing as faithfully as possible the enveloping contours of the corresponding oscil- 
lation wave-trains detected. This enables us to obtain by means of the optical or record- 
ing chronographic unit, in addition to soundings from.depths of a few metres, a detailed 
representation (generally oscillographed) of the form of the echo. 


The 7-valve amplifier, heated by 3-4 volts, must be fitted. from left to right. with : 


1. — A special entry valve with highly insulated grid (the S.C.A.M. “lampe 4 corne” - 
horn valve), the filament of which in pure tungsten consumes about 0.7 amp. The horn 
grid must be connected by a supple wire, insulated by beads to the terminal P opposite 
(terminal on which is fixed the highly insulated cable leading to the projector). 


2, — Five triode valves, type R.36. If it is desired to increase the sensitivity of the 
receiver, a T.A. 15 or A.gi5 valve might be substituted for the R.36 valve of the last stage 
but one 





Fic. 51. — Emission Circuits. 


3. — A low-frequency exit valve which must be : 


a) When the sounding machine is fitted with an optical chronograph (Analyser, 
Indicator) : a T.A. 15 or A.4i5 valve. In this case the tension of negative polarisation 
of the grid of this valve must be selected experimentally usually in the neighbourhood of 
— 4 volts. 


b) When the sounding machine is fitted with a Langevin-Touly electrolytic recorder : 


a penthode B.443 valve. In this case the tension of negative polarisation of the control 
grid of the valve must be selected experimentally, usually in the neighbourhood of —13 
volts. : The accelerating grid of the penthode must be connected to the + 80 v. 


Emission by sonic impulse of short duration, for example 1/1,000th of second, repre- 
sents a wave train of 1 m. 50 long, owing to the high velocity of sound in water. A 
Japanese engineer, Mr. Sadahiro Matsuo, had the idea in 1937 of substituting for the 
emission by impulse, a permanent modulated emission and at the time of reception, he 
observed the phenomenon of beatings due to the interference between the direct wave 
anc the reflected echo wave, obtaining thereby a continuous indication of depth. Although 
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detection in this way is difficult. it has been possible by this method to find clearly shallow 
water of a depth of 15 centimetres, under the face of the projector, in the port of Shiogama 
on board a pilot boat 

The oscillograph is a sort of ballistic galvanometer, very sensitive, with magnet, 
inductor-alternator and stationary field-winding. It comprises, as a rule, a permanent 
magnet, between the poles of which can oscillate a soft iron blade. When a short current 
passes through the coil, the movable blade pivots around its axis and forms an angle in 
accordaance with the intensity of the current before returning to its original position; it 
thereby moves either a mirror or an inscribing stylus. 

The magneto-oscillograph Abraham-Carpentier, sketches of which appear in fig. 52 
and 53. is particularly suitable for graphically recording ultra-sonic soundings on smoked 
paper, at very shallow depths; the moving clement has very little inertia. The torque of 
the motor is sufficiently strong to enable the needle easily to overcome the friction on 
the smoked paper. 





Fic. 52-53. — Abraham-Carpentier, Magneto Oscillograph. 


The cylindrical permanent magnet A (imagined to be transparent in the figure for the 
sake of clearness) has its field concentrated towards the axis by four radial poles N, N’, 
S. S', grouped in pairs at opposite ends of two diametrical planes of the magnet. Between 
these poles can oscillate a soft iron blade P. 


If no current is flowing in the exciting winding, the movable blade is in stable equi- 
librium under the action of the two opposite fields of the pairs of poles N-S and N’-S' 
(as shown by full lines in fig. 53). 


If a current is Rowing in the winding in a direction such that its field is opposed to 
that of N-S and in accord with that of N’-S’, the blade pivots around its axis in the 
direction of the arrow { to a new position of equilibrium (broken line). 


The amplitude of the swing of the dlade, and so of the needle, is a function of the 
intensity of the current in the coil. 


The Dubois Oscillograph (fig. 54), is more especially used for the optical detection of 
signals and echoes. 


This oscillograph is a sort of galvanometer with mirror, very sensitive. with magnet, 
inductor-alternator and stationary field-winding, with very rapid and at the same time 
periodical movements. Figure 54 shows the oscillograph with open cover. Figure 55 is 
a diagrammatic representation of the instrument. 


The movable element of the oscillograph has a natural mechanical oscillation frequency 
of the order of about 1,500/sec. The instrument is made apcriodic, which is necessary for 
the faithful oscilloscopy of sounding pulsations, by introducing, at the factory, a drop of 
Thick oil (Mobiloil C) between one of the faces of the blade (47) and the opposite side 
of the tubing which contains the latter. 
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A coil receives the current to be detected by the oscilograph. 1. the impulse corres- 
ponding to signal and echo. This current magnetises the armature 49. which will obviously 
turn on its axis, thereby rotating the shaft which carries a small concave mirror 39 on 
which impinges a beam of light. so that the deam will be deflected in) proportion to the 
rotation angle of the mirror, ic. in proportion to the current in the coil 


45 55 





Vic. 54. — Dubois Oscillograph. 


The mirror 39 throws a real image of the spot of light on the sereen, so that the 
motion o1 the armature is shown by the displacement of the real image on the sereen. 





Fic. 55 


Owing to the introduction of oil, the movement is rendered aperiodic and is reduced 
to a half-oseillation or echo indentation. 


b) RECORDING APPARATUS. 
Marti Recorder. 


(Sce also: Hydrographic Review, Vol. 11, Ne 2, May 1925, p- 145; Vol. II] 
Ne 2, July 1926, p. 89; Vol. XI, Ne 2) Nov. 1934, p. G1). 


The recorders used arc cither ink or smuked Paper, or clectrolytic recorders. 
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The ink or smake paper type (Marti apparatus) comprise a constant speed motor M 
(ig. 56) controlled by means of a centrifugal governor r, which introduces resistance R 
as soon as a definite speed is exceeded and rotates. by means of an endless screw fixed 
onto the shaft, a wheel ta the axle of which is attached an arm B. which carries on one 
side an extremely sensitive oscillograph O and on the other side a counter-weight p. The 
arm Ei rotates at a speed which varies according to the number of soundings required per 
secune and according to the recorders used The rotation is on a vertical plane for the 
smoked paper recorder and on a_ horizontal plane for the ink recorder (see figure 18, 
page 32 above). A recording strip of smoked or glazed paper moves below this plane. on 
which the stylus of the oscillograph draws arcs of circles. The wires of the oscillograph 
are connected by means of two concentric rings on the wheel of the arm B, and by the 
corresponding brushes with the amplifier A. Thus a current passes through the oscillo- 
graph both when the sound signal is emitted and when it returns and this causes the stylus 
to deviate, The arcs drawn by the stylus show peaks at emission and return of the sound 
waves. and the distance separating the initial points of these deviated peaks is obviously 
in proportion to the elapsed time and consequently to the depth of water. 





Fic. 56. — Diagram of Marti apparatus. 


The cam D by acting on the double contact Ho and K causes the emission of the 
sound at the exact instant when the stylus of the oscillograph is on the edge of the record- 
ing strip; when sounding in great depths the emission may be advanced by a definitely 
determined space of time, in order that the second indentation shall always fall on to the 
recording strip. 


By joining the initial points of those indentations which were produced in the record 
by the reception of the echo by the oscillograph, a profile of the bottom of the sea is 
vbtained and the depth can be deduced therefrom (lig. 57). 


The strip of paper is divided into depths of water by suitably spaced parallel lines; 
the origin of the division coincides with the right hand side of the initial peaks. It is 
therefore possible to read immediately the depths on each point of the wavy line of echo 
teeth. 
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Various types of recorders exist. giving soundings every 7.5 onds in t ex] 
tion type, every 3 seconds in the navigation type, and every 1.5 and 0.5 lin the tw 


hydrography types. It is thereby possible to register on the recordine strip teeth ech 
corresponding to depths of 5300 m., 200 m., 1900 m. and jo m. 


It may happen, under certain circumstances, that the emission takes place before the 


stylus reaches the graduation on the strip. Each of the sticcessive displacements, meus 
ing to 9. corresponds to the total breadth of the eraduation, and in this way the rder 


can be utilised for depths ten times greater than previously. 


Further, an adjusting screw enables the position to be regulated te set th 7 
ic, to make it coincide exactly with the first nick made on the record at the ment «af 
emission of the sound wave. 
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Vic. 57. — Record of ultra-sonic soundings on board the “Normandie”. 


There is an arrangement for reducing the number of soundings taken normally by the 
machine which gives three modes of working : 


i (1) Continuous working, in which this device is short-circuited 


the striker acts at 
: cach turn of the recorder. 


(2) Periodic working, in which the striker only acts at every fifth turn of the 
recorder. 


(3) Slow-motion working. in which the striker only acts at every twentieth turn of 
the recorder. 


Finally, to allow the operator to make the emission nick appear whenever he requires 
it to do so, a press-button with recall spring, marked “Réglage du zéro’ 


is placed on the 
upper panel of the maghine, 


It is of course the beginning of the nick marking the echo which gives the depth 


reading. In the same way the departure of the emission corresponds to the beginning of 
the signal nick. 


French hydrographic vessels have utilised for the last 18 years recorders with smoked 
paper and more recently recorders with ink. 
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Langevin-Touly electrolytic recorder. 


See also: Mydrographic Review, Vol. X11, Ne 2. Nov. 1936, page 110; 
Vol. XIV, No 1, May 1937, p. 111; Vol, XV, Ne 2, Nov. 1938, p. 35). 


The electrolytic recorder, Langevin-Touly system. differs from the preceding one in 
thar it doves nat comprise an oscillograph. 





Fic. 58. — Langevin-Touly. Electrolytic recorder - Cover removed, 


There is used a band of moist electrolytic paper, which unrolls slowly from top 
to bottom. This band is supported on a metal surface which is connected to the negative 
pole of the circuit leading from the amplifier, In front of the paper a metallic stylus is 
carried by a moving arm. By means of a suitable cam, the arm describes the are of a 
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circle from left to right. transverse to the band, at a pre-determined speed, returning 
rapidly to the position of rest at the left, The same movements are repeated periodically. 
The stylus is connected to the positive pole of the circuit leading from the amplifier. 

At the beginning of the movement of the stylus across the band a second cam 
releases the ultrasonic emitter by means of an interrupter. Thereupon the current coming 
from the amplifier passing through the stylus to the metal plate through the moist paper 
electrolytically decomposes the salts with which the paper is impregnated and leaves a brown 
mark on the paper. With each are described by the stylus one sees the first mark on the 
paper corresponding to the instant of emission of the signal and a second mark given by 
the echo of the signal. As the paper slowly unrolls, the beginnings of the echoes succes- 
sively traced on the paper, show the profile of the ocean bottom at a scale depending upon 
the speed of the vessel. An interrupting device electrically insulates the stylus during the 
time it is returning to its zero position. 





Fic. 59. — Diagram of the Electrolytic Recorder. 


In order to facilitate the depth reading, a cylinder with disks marked at equidistant 
intervals presses against the moist paper and marks by electrolysis the lines corresponding 
to each 10 metres’ depth. 


The breadth of the recording strip is 160 "™m and the whole of the breadth of the 
Strip is graduated from 0 to joo metres. 


In the most popular model of recording device, the soundings are made every 3 seconds 
and the paper unrolls in such a manner that the arcs of the successive circles are spaced 
0.75 "Ma apart. The unrolling rate is 90 cm. per hour. By means of a copying stylus one 
can mark on the record any note or information desired (such as the hour, position, etc...) 
without stopping the operation of the device. 


A large magnifying glass located outside permits one to read the soundings more closely 
if desired. 
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The sharpness of the echocs and the distinctness of the marks obtained is due in this 
case to the fact that here there is no vibratory movement of the pen of the oscillograph. 

Each roll of paper provides for an operation of about jo hours. The band unrolls 
at a rate of about 90 cm. (36 inches) per hour. 

Fig. 58 & 59 show the diagram of the apparatus. At the top on the right is the 
electric motor 9 (generally a 7-volt motor operating on a storage battery of 8 volts) and 
the centrifugal speed regulator 11. The constant speed shaft of this motor drives through 
reduction gear comprising a pinion and tangent screw, and cam and the emission interrupter 
ig the cam 16 and the oscillating arm 17 with the stylus 5. 

At the top of the paper are the various devices : 67 is the switch for starting and stop- 
ping; 27 the switch of the motor; and 56 the switch for the illuminating lamp. The 
potentiometer of the stylus 70 provides the stylus with a small positive potential which is 
adjustable so that the stylus may leave a faint trace on the paper of the arc described, 
thus facilitating following the signal to its corresponding echo. A marking button for the 
hours 69 is provided so that a slight mark can be made when the button is pressed which 
serves as an indication on the diagram when no written memorandum is made. The poten- 
tiometer 71 .of the marking cylinder, indicating the depth markings, can be adjusted as 
desired in order to regulate the intensity of these graduations on the paper band. Finally, 
at 73 is the rheostat for the adjustment of the sensitivity of the instrument. This is 
actually the heating rheostat of the receiving amplifier. 


At 52 is the device for changing the zone of the recording apparatus. By means of 
a locking screw 47 the inscription cam is shifted with relation to the emission cam so 
that the angles correspond mechanically to the successive multiples of 300 metres. 

The cam which carries the arm for the stylus may easily be shifted in phase with 
regard to the emission so that successive positions of the setting permit the recording of 
depths between the minimum limit of the order of 3 to 5 metres up to 300 metres; 300 to 
600 metres etc., up to the maximum range of the echo of the sounding apparatus. 

This recorder is fitted with a stroboscope to check the speed and a regulator for cor- 
recting the draught 


The new recorder type 439 takes 90 soundings per minute. Two scales are provided, 
one 0-75 fathoms. and one 70-145 fathoms, by having an extra sounding contact set to 
transmit an appropriate interval before the arm starts. 


ec) ECHO-SOUNDERS WITH OPTICAL INDICATORS 
Optical analysers can be utilised in place of the recorders. 


Langevin-Florisson Optical Analyser. 


(See also: Hydrographic Review, Vol. I1I, N* 2, July 1926, p. 75; Vol. V, 
Ne 2, Nov, 1928, p. 107). 


In the Langevin-Florisson optical analyser (fig. 60, 61 and 62), a vertical ground glass 
plate 19 is divided according to the depth with a definite scale; along this plate a luminous 
point, to which a uniformly straight motion is given. runs vertically from top to bottom, 
and taking the fact into account that the ultra-sonic wave train runs twice the distance 
from the Projector to sea bottom, its velocity equals half the velocity of sound through 
water at the scale of the divisions. 

The chronographic device which produces the uniform motion of the luminous point 
starts the ultra-sonic emission when this point passes the zero of graduation. or rather, 
passes the number on the scale which corresponds to the depth to which the Projector is 
immersed, which allows the correct reading of the depth as measured from the surface of 
the sea. This is indicated to the observer by the appearance of an indentation 20 in the 
luminous path. 

As the echo returns, the luminous point undergoes another tateral displacement which 
shows a new indentation 21 on the scale. The distance d separating the origin of the two 
indentations 20 and 21 represents the depth which the observer can read directly opposite 
the origin of indentation 21. 


The above described operation refers to a single sounding. 


ih 
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The Analyser automatically repeats this operation once per second. thererore it pe 
. manently shows the actual depth of the sea bencath the slip 

The constant speed of the luminous point is obtained by means of the arrangement 
shown diagrammatically in figure 62. 
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Fic. 60. — Langevin-Florisson, Optical Analyser. 


The rectilinear filament 22 of an electric lamp is placed along the axis of the opaque 
cylinder 23, in the wall of which is pierced an hclicoidal slit 24, which makes one complete 
turn round the cylinder. A concave mriror 25 throws a luminous point 26 on the trans- 
parent scale 19. ic. the image of the point of the flament 27 seen from the summit of 
mirror 25 through the slit 24. 
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Cylinder 23 is moved round its axis with a uniform motion by means of a special small 
synchronous electric motor, fed by continuous current which is cut off at exact intervals 
by means of a special tuning fork, the “Guéritot Ticker”. This motor, once in step, main- 
tains an absolutely constant speed. No error can occur, because either the motor turns at 


i a or 


aera 


aa 
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this exact specd or else it is stopped. Consequently a rectilinear displacement of the 
luminous point at constant speed is produced (chronographic motion of the apparatus). 


The axle of the governed electric motor drives, in addition, a special interrupter, which 
starts the ultra-sonic emission at each of the successive passages of the luminous point 
over the zero of the graduation, as mentioned above. 


Mirror 25, which produces the luminous point, is part of an extremely sensitive oscil- 
lograph, suitably damped, which is permanently connected to the Receiving Amplifier. 
When the emission and the echo are produced, the latter is subjected to a slight displace- 
ment about an axis parallel to the axis of the cylinder 23. This shows the indentations 20 
and 21, indicated above on the path of the luminous point on the scale 19. 

The Phonic Motor 28 governed by the “Gueéritot Ticker” 29, the Oscillograph in its 
adjustable mounting 30, the Automatic Switch 31, and the various parts for adjusting and 
controlling the Analyser will be seen in the figure. 


The most recent quartz sounding machines are the Langevin-Florisson ultra-sonic 
sounding machines, fitted with echo-meter or echoscope. They are manufactured by the - 
Société de Condensation et d’Applications Mécaniqrves and also by the Marconi Company. 


Langevin Florisson Echometer. 


(See also: Hydrographic Review, Vol, VII, N* 2, Nov. 1930, p- 105; Vol. X, 
Ne 2, Nov. 1933, p. 168; Vol. XI, Ne 2, Nov. 1934, p. 58). 


The echo-meter (fig. 63 & 64) contains, in a single metallic case, the transmitter, the 
receiver and analyser. The high-frequency emitter, which consists of a small spark instal- 
lation (radio-telegraphic type, but extremely simplified) and the receiver (valve amplifier), 
are contained in the lower section of the case. 


The analyser is contained in the upper section of the case. 


Fig. 63 shows the exterior appearance of the Echometer. The number 43 indicates the 
scale on which readings are made and this is usually graduated from a to 660 metres 
(361 fms). The magnifying glass 176 makes the “teeth” more easy to distinguish. The 
starting and stopping of the apparatus is worked by the plug 93, and 143 is the winding 
stem of the movement; the rheostat 57 controls resistances in the oscillograph circuit thus 
making it possible to reduce its sensitiveness in shoal water and the milled head 71 governs 
the height of the luminous spot. In the 660 metre-model soundings are taken automatically 
every 7/6 second. 


Fig. 65 shows a diagrammatic arrangement of the upper part of the apparatus as seen 
from above, the lid being removed. The graduated scale is marked P. A diaphragm H 
is brightly illuminated by an electric lamp G. The pencil of light is reflected by two 
prisms I and J, then by the mirror K of the oscillograph and finally by a plane mirror L. 
A small, sharp and brilliant image N (the spot) of the diaphragm H is thus produced on 
the scale. The mirror L is not fixed but swings at a constant angular velocity about the 
axis L and thus the spot traverses the scale at a constant velocity from lefr to right. 
When the spot has completed its run, the swinging mirror L comes sharply back to its 
initial position bringing the spot back to the zero of the graduation after each sounding. 


Fig. 66, shows the mechanism which causes the displacement of the spot N at a constant 
velocity along the scale P. The mirror L is attached to a sector Q which can move about 
the vertical axis R. A steel wire, stretched by the spring S, is provided with a small bar 
T at right angles to the wire. The ratchet-whcel U revolves, by clock-work (not shown), 
at a rigorously constant speed. A tooth of the ratchet-wheel catches the bar T and carries 
it with it thus causing the mirror L to turn about the axis R at a constant speed. This 
motion continues until! the ends of the bar T reach the inclined fork V which lies astride 
the ratchet-wheel. This throws the bar clear of the tooth and, owing to the action of the 
springs shown, the sector Q springs back until it reaches a stop (not shown). Owing to 
this, the spot is brought very sharply back to the zero of the scale graduation. The cycle 
is repeated as soon as the next ratchet tooth catches the bar. 
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Fic. 63. — Langevin-Florisson Echometre. 
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Fic. 64. — Langevin-Florisson Echometre. 
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An appliance (not shown), which causes the ultra-sonic emission when the spot passes 
the zero of the scale, is attached to the sector Q. 


An accurate centrifugal governor assures constant speed. A complete winding of the 
movement gives about 10 minutes of constant speed. The normal spced is one turn of the 
ratchet-wheel in 7 seconds, and as this wheel has six teeth there are six soundings every 
seven seconds. The apparatus is started by pulling the knob 146 of the clockwork (fig. 
67 & 68). A telephone jack 167 enables the operator to listen to the signals and echoes 
with earphones. 





Fic. 66 


The new type 421 instruments differ slightly from the previous type 414, in the control 
system and in the path of the light ray of the optical system. the prisms of which have 
been abolished. They include also a new control knob which governs the sensitivity of 
the instrument, i.e. the size of the nicks in the signals appearing on the scale. 





sapere t 





INAUDIBLE FREQUENCIES 


Sing 


APPARATUS 





views. 


Langevin-Florisson Echometer interior 


67-68. 
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The machine takes approximately one sounding per sccond. and readings can be taken 
from about 3 metres (1.6 fins.) below the face of the projector to depths of 660 inetres 
(361 fms). 

This machine can also be used in conjunction with an electrolytic recorder. 

In the case of the indicator, a great deal of information can be obtained by watching 
the shape of the echo peak. When working under normal conditions the echo peak is 
usually about one-third of an inch high. Its left-hand is practically vertical, its right-hand 
edge sloping down steeply, as indicated in fig. 69 a. 

The echo peak will only assume this form when the sea bed is firm and reasonably 
smooth, being free from rocks and large boulders. 
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a) Shape of normal echo peak. 
b) Echo peak over boulders and rocks. 


c) Echo peak over very soft mud. 


If the sea bed is covered with rocks and boulders, the echo peak takes a distinctive 
form which can be recognised very easily. Its left-hand edge is practically vertical, but 
instead of its right-hand edge sloping down sharply, it comes down slowly in a sort of saw 
edge, as shown in Fig. 69b. This difference is very clear and well marked and can be 
noticed at a glance. 


Further information can be obtained by watching the peak more carefully. If it is 
wider at the base than usual, but otherwise normal, it indicates a very soft bottom ; ooze 
or soft mud as shown in fig. 69c¢. 


If the bottom is shelving very rapidly the echo peak appears its normal shape, but 
smaller; that is to say the amplification has to be increased to bring the peak up to its 
normal size. 


Langevin-Flarisson Echascope. 


(See also: Hydrographic Review, Vol. X, N° 2, Nov. 1933, p. 170; Vol. XI, 
Ne 2, Nov. 1034, page 59; Vol, XV, Ne 2, Nov. 1038, pages 44 and 51). 


In the Echoscope, which is meant more especially for soundings in shallow water 
(fig. 70). a diaphragm 7: (fig. 71) is brightly illuminated by the electric lamp 73 with 
reflector 77. The pencil is reflected by the mirror 39 of the oscillograph and again by the 
spherical mirror 36 which turns at a constant speed ahout the axis 37. The scale 38 being 
centred on the axis, the spot moves along the scale at a constant speed from left to right, 
the plane of figure 71 being here a vertical one. 


The left-to-right constant speed movement of the luminous point on the scale enables 
the “echo interval" to be measured. 


The movement of the luminous point on the scale is thus repeated at every revolution 
of the axis of the clockwork device carrying the mirror, and emission is produced by a 
cam at the time when the spot passes the zero of the graduation. 
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Fic. 70. — Langevin-Florisson Echoscope, 
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The brief antero-posterior displacements of the luminous point on the scale, constitu- 
ting the “tooth”, which occur without any lag at the instant of the transmission and of the 
echo, are caused by slight and brief angular displacements of the Dubois oscillograph mirror 
turning about a horizontal axis; this oscillograph is permanently connected to the amplifier 
which in turn is permanently connected to the projector. 





ic. 71 


A jack is provided for telephonic transmission. 


This portable apparatus weighing about 50 kilos is principally used for inshore hydro- 
the projector, and the scale is graduated to 60 metres (33 fms). Soundings are taken every 
10/11 of a second, and one winding of the clockwork gives about 15 minutes of working. 


This portable apparatus weighing about 50 kilos is principally used for inshore hydro- 
graphy and for soundings from small boats of 1 m. 20 to 60 metres. 


SCAM.-Touly (ndicator, 


(See also: Hydrographic Review, Vol. XI, N® 2, Nov. 1934, p. 46; Vol. XIII, 
No 2, Nov. 1936, page 107; Vol. XV, Ne 2, Nov. 1938, page 33). 


In the SCAM-TOULY Indicator (fig. 72 & 73a & b), the device for reading the echoes 
consists of a neon lamp ; this lamp has the property of lighting up and “blacking out” very 
quickly. 


The neon Jamp 21 is mounted horizontally on the prolongation of the geared shaft of 
the motor. As this shaft revolves at constant speed, it carries and drives by its rotation, 
not only the system of cams which produces the emission at each rotation, but also an arm 
28 on which are mounted a small tilting mirror 66 and a lens 67. This rotating optical sys- 
tem produces a reduced image of the luminous part of the lamp in the transparent circle 
between the two sets of graduations of the indicator. When the optical system rotates, the 
image of the lamp moves and a circle of light appears between the two graduations. 


The method of mounting the optical system with respect to the emission cam is such 
that the departure of the elastic wave train occurs when the left-hand edge of the image 
of the lamp passes through the zero of the graduation. At he same time, the neon lamp is 
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extinguished and put back into circuit at the proper moment by the contact §2 or 53 (accor- 
ding to the amplification). During the interval between the departure of the signal and 
the return of the echo, the neon lamp ts extinguished and the optical system continues to 
turn, When the echo arrives. it lights the lamp, the image appears and occupies on the 
eraduated seale a position different from that which tt had at the moment of departure. The 
iméee continuing to turn gives the impresston of a Juminuus are. The place where 
the image ©f the lamp begins to appear indicates the required depth on the seale. which 
is suitably graduated. 








Fic. 72. — Echo sounding indicator Scam-Touly type. 


The graduation of the scale having been established once for all, the speed of rotation 
of the optical system must remain constant and accurately determined during the soundings. 
This speed has been fixed at one revolution per second. 

The speed of 2,400 r.p.m. of the shaft of the driving motor corresponds, when geared 
down, to the above speed. 

Use is made of a shunt motor fed from the 12-volt battery. The speed of this motor, 
which is thus supplied at constant voltage, remains constant for practical purposes and can 
readily be regulated to the figure of 2,J00 r.p.m. by a rheostat in series with the armature. 
A sturdy belt-driven centrifugal tachymeter shows the speed at which the motor is turning 
by means of a needle moving over a quadrant. ‘To read the exact depths on the graduation 
of the indicator, it is only necessary previously to bring the needle of the tachymeter on to 
the 2,400 mark, which is a stronger and longer line than the remainder; this is done by 
setting the adjusting rheostat. 

As an exception, where the velocity of sound may be very different from the normal 
value of 1,500 m/s (4,021 ft/s.). the correction can be made automatically by running the 
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motor at a speed which is to 2,400 as the true velocity of sound is to 1,500. The conversion 
table is as follows : 


Velocity of sound Speed af motor 
1440 m/s. 2304 r.p.m. 
1.460 2336 
1480 2368 
1500 2400 
1520 2432 
1540 2464 
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Fic. 73 a 


‘The motor is constituted by a robust clock mechanism making 15 turns in 8 seconds. 
aA handle to one side, at the right, is furnished for winding up the mechanism, each wind- 
ing providing for an operation of about 10 minutes’ duration. 


The neon lamp is secured behind the dial and in the axis of the graduated circle. 


The dial is graduated around the entire circumference. Thus the indicator provides 
for the possibility of reading equally the depths comprised between 400 and 800 metres. 
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The reading of the echoes is facilitated by the push-button switch located at the bottom 
and to the left of the dial which allows the emission to be suppressed as desired, 


The apparatus is started and stopped hy means of a push button located to the left and 
below the dial. This button releases the rotating arm and closes the main switch of the 
sounder. 


The neon lamp is supplied by a dry galvanic battery, well insulated. of 220 volts. 


2” MAGNETO-STRICTION ECHO-SOUNDERS. 


GENERAL. 


Magneto-Striction Oscillators. 


Many magnetic materials exhibit the property of varying their lengths when subjected 
to a magnetic field, (the Joule effect) and conversely of changing their magnetic condition 
when mechanically strained (the Villari effect). These properties have formed the subject 
of research in a wide range of alloys, especially the alloys of iron, nickel and cobalt. 


For instance iron actually increases in length for low miagnetisations and then com- 
pletely reverses and decreases in length if the magnetisations are made more intense. 
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Cobalt decreases its length for low magnetisations and then increases for further intense 
fields. 


Nickel on the other hand always contracts whatever the magnetic field strength. 


The extent of these length alterations is very small and some idea can be given by 
stating that a rod one yard long of nickel will contract about two thousandths of an inch 
under a constant and intense magnetic field. 


In 1928. G.W. Pierce of America utilised this phenomenon by applying instead of a 
constant field, an alternating current field of such a frequency as to strike the natural 
longitudinal period of the magnetostriction element or rod. 


The rods expanded and contracted by magnetostriction and built up movements far in 
excess of those produced by constant direct current fields. 


This principle of magnetostriction applied to mechanical longitudinal vibrations was 
patented by G.W. Pierce, with a view to their application to the transmission of compressed 
waves through sea water and to their reception as an echo on the same vibrator. 


Owing to the high frequencies obtainable by longitudinal vibrations of the order of 
thousands of cycles per second according to the lengths of specimens used, this phenomenon 
comes under the category of supersonic frequencies or wireless frequencies. 


For these reasons supersonic echo sounders may work at frequencies between 60.000 
cycles and 10,000 ,cycles per second. 


The frequency having been decided upon settles the dimensions of the longitudinal 
vibrator or magnetostriction specimen and also. the wireless electrical circuit which ultima- 
tely energises the specimen. The frequency and wireless wavelength are determined. 


Nickel of ordinary commercial purity appears to ke the most suitable magnetostrictive 
material for the purpose. 


The rate of change of length with magnetization is very large for small values of H. 
The maximum peak val-e of alternating sinusoidal stress which can be usefully obtained 
from nickel] with an upper limit of field strength of 50 gauss is of the order of 400 Ib. per 
sq. in. It is of interest to note that the corresponding stress produced piezo-electrically in 
quartz by an applied potential of 2,000 volts ‘per cm. is of the order of 4 Ib. per sq. in. 


1. Cylindrical Oscillators, Scroll Type ; Longitudinal vibration. 


An example of this type of oscillator, containing about 0.5 kg of nickel, is illustrated 
in fig. 74. It is constructed by winding tightly on a mandrel long strips of nickel sheet 
and thin paper coated with cement. The hollow cylinder thus formed is consolidated by 
baking at an appropriate temperature. A load attached to one end serves to tune the oscil- 
jator to the desired frequency and to increase the area of vibrating surface in contact with 
the water. Such an oscillator is found to be sufficiently resonant mechanically and exhibits 
good magnetostrictive properties at supersonic frequencies. The only winding necessary 
consists of about 10 turns of low-resistance wire wound toroidally through the nickel 
cylinder as shown. Current through this winding produces circumferential magncetisation 
which results in simultaneous changes in the length, diameter and thickness of the nickel 
cylinder; the volume remains sensibly constant. Since it is desired to excite longitudinal 
resonant vibration, the appropriate frequency of alternating current must be supplied. A 
converse process, involving the Villari effect, takes place when the oscillator is used as a 
receiver. 


Il. Ring Oscillators; Radial Vibration. 


This form of magnetostriction vibrator is a cylindrical pile of annular nickel rings 
(say 0.002 to 0.005 in. thick). These may be consolidated to form a solid resonant block 
by coating with a suitable insulating cement and baking under pressure. Alternatively, the 
laminations may be built up loosely into a pile so that they are free to vibrate individually 
and more or less independently. It is important, however, in the latter form of construc- 
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Fic. 74. — Cylindrical Scroll-type Oscillator. 


tion to obtain a reasonable uniformity between the individual laminations. This is achieved 
by stamping the annular rings from thin nickel sheet and “shuffling” a large number of 
such stampings to obtain an average in each oscillator and to avoid progressive errors in 
diameter due to the wear of the stamping tools. The fundamental frequency f of radial 
vibration of a circular annulus, of width sinall compared with the diameter, is given by : 


where v is the velocity of sound in the material and d is the mean diameter of the annulus. 
For example, a ring of mean diameter 10 cm. resonates in this mode at a frequency f = 
15.900 cycles per sec. A series of equidistant holes spaced round the periphery of the 
stampings accomodates the toroidal winding. 


This arrangement leaves the sound-emitting surface, i.e. the edge of the stamping free 
from obstruction. The circular magnetization produced by current in the toroidal winding 
results in a smal! change in the diameter of the magnetized ring, the amplitude of this 
reaching its maximum value when the frequency of the magnetizing current coincides 
with f, the fundamental radial frequency of the annulus. 


An example of this form of vibrator is shown in figure 75. It contains about 3 kg. 
of nickel stampings cach ooo2 in. thick. The outer cylindrical surface constitutes the 
active sound-emitting surface in contact with the water. To prevent sound emission in 
opposite phase from the inner cylindrical face, the latter is covered with a layer of rubber 
mousse (1) or an equivalent air-Hlled space. The radiation damping of this form of oscil- 
lator may be controlled by varying the ratio of the surface area exposed to the water and 
the mass of nickel. 








(1) Rubber mousse or expanded rubber froth is composed of small, watertight air cells. 
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The mean diameter of the annulus is determined by the frequency required. while the 
radiation damping is controlled by the width of the ring. If a very large amount of damp 
ing is required with a given amount of nickel the cylindrical pile of stampi becomes 
relatively long and narrow, whereas for relatively small radiation damping the pile should 
be short and wide. The proportions shown in fig. 75 have given good results in practice. 
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TI}. Strip Oscillators; Longitudinal Vibration. 


A third form of oscillator is shown in Tig. 76, The thin nickel stampings are rect- 
angular in shape and consist essentially of two nickel strips connected by two tuning legs. 
The longitudinal members which connect the tuning legs may, with sufficient accuracy, be 
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Fic. 76. — Section through Strip Oscillator. 
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regarded as leads and the legs as springs. By varying the length and width of the legs 
and the depth of the end loads, any desired frequency can be obtained, These rectangular 
nickel stampings are annealed, oxidized, or coated, in a similar manner to the circular 
stampings They are insulated from each other and are mounted to form a rectangular 
block of the required size. ‘he magnetizing coils are wound around the tuning legs which 
form quart of the closed magnetic circuit. As in (11) the edges of the stampings constitute 
the active und-emitting surface in contact with the water. the opposite vibrating edges 
being sercened as before hy means of an air cavity, eg. a Jayer of rubber mousse. The 
reclanvular black of stampings is mounted in a suitable casing, not necessarily watertight, 
which mav be lined with rubber mousse. 


lt should be observed that in most of these forms of magnetostriction oscillator it is 
possible to permit free access of water to the surfaces of the nickel and the assoctated 
windings. . 

alir Reflectors - single of Sound-beam. 


In order to obtain sufficient “directionality” in the magnetostriction transmitter and 
receiver, the oscillators just descrihed, more particularly types (1) and (11) must be mounted 


(a) 
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Fic. 77 (a & b). — Seroll and Ring Oscillators mounted in conical re,lectors. 


in some form of reflector (ng. 77 a & b). The semi-angle of the primary conical beam 
of sound emitted from a circular source of diameter D is given by. 


() = arc sin (1.22 4 /D) 


Where % is the wavelength of sound in the medium under consideration. Consequently at 
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a particular frequency, e.g. 15 kilocycles per sea (4 = 10 cm. in water), the angle of the 
primary beam of sound is fixed by the effective diameter of the source; analogous con- 
siderations apply also to the directional properties of the receiver. The sound energy from 
a source of diameter large compared with a wavelength of the sound emitted is confined 
to a relatively narrow cone. This is an advantage from the point of view of economy 
of sound energy; but in its practical application to echo sounding a very sharply direc- 
tional transmitter and receiver may result in a loss of some of the echoes. particularly in 
a moving ship and oved a rapidly shelving or undulating sea-bed. The choice of the angle 
of the beam is therefore a compromise. 


With the cylindrical and ring type oscillators described above, an increase in effective 
diameter is obtained by means of a reflector, since the dimensions are too small to ensure 
sufficiently good inherent directional properties. Air is the best refecting medium for 
use under water, a relatively thin layer producing total reflection. Two types of reflectors 
which have given good service are shown in Fig. 77. In both of these the reflector is 
formed by a pair of thin conical metal spinnings enclosing an air cavity. The double- 
walled enclosure is made watertight but to avoid failure of reflecting properties in case 
of leakage, the cavity is filled with rubber mousse, which may he regarder as equivalent 
to air alone. The theoretical directional crrve for type (b) reflector is shown in Fig. 78. 





0 10 50 
Degrees Right 


Fic. 78. — Theoretical sound-distribution curve of ring type oscillator 
(15 kilocycles per sec.) with 12 in. dia. reflector. 


The semi-angle of the primary cone of sound is about 20° with an oscillator of frequency 
15 kilocycles per sec. The beam angle of the smaller type (a) is somewhat greater on 
account of its smaller diameter. 


In practice, although the transmitter can also be used as a receiver, it is preferable 
to have two separate identical instruments. . 


The sensitivity of the recciver depending on its initial magnetic state, it is therefore 
better to polarize it by submitting it to the action of a strong current. 


In order to avoid the necessity for dry docking a vessel to install the echo sounding 
projectors the frequency of the supersonic transmission is so chosen thar the ratio of 
thickness of hull plating (normally 3/4 inch) to the wavelength in the stcel of the hull 
plating is as small us possible, in order to transmit directly through the plate the greatest 
percentage of energy impinging on the plate from inside the vesscl. 
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Steel has a velocity of sound of 5,000 metres (16,400 ft) per second so that the wave- 
length in steel for the same frequency already discussed, namely 20,000 cycles/sec. is : 


5.000 
20.000 








X 100 = 25 centimetres (9.84 in.) 


The ratio, steel thickness: wavelength, can therefore only be made small and the 
percentage of energy transmitted through the plate made high if the steel wavelength is 
large. Consequently the lower the frequency used the better the penctration of sound wave 
through the plate. 


It should be realised that to operate an echo sounder through the hull plating requires 
considerably more power than would be required if the projector faces were directly 
operating on the sea water without the consequent loss in passing through the hull plating 
both in transmission and back again in reception. 


Theoretically, the width to be traversed should be chosen equal to an exact multiple of 
a half wavelength. 


Where projectors operate through a hole cut in the vessel’s bottom, greater ranges of 
depth can be obtained or alternatively the same depths can be obtained with tess power. 


a) A@ritish Admiralty Silent Super-Sonic Echo Sounder. 


(See also: Hydrographic Review, Vol. X, No 2, Nov. 1933, p. 160: Vol. XT, 
Ne 2, Nov. 1934, page 36; Vol. XIE, No 2 Nov. 1936, pages 78, 85; 
Vol. XIV, Neo 2, Nov. 1937, p. 211; Vol. NV, Ne 2, Nov. 1938, p. 26). 


The firm of Henry Hughes and Son Ltd have in regular production, since 1930, a 
new type of echo-sounder utilising super-sonic waves, the operation of which is silent. 


The system of transmission comprises a transmitter operating by magnetostriction. 
producing a wide beam. 


The transmitter (fig. 79), comprises a small cylindrical tank welded or clamped to 
the ship's plating and containing the magnetostriction element and a reflector. The tank 
is kept full of water, a small pipe from a feed tank making up any loss by leakage or 
evaporation. 


The receiver is exactly similar to the transmitter and is attached to the hull like the 
transmitter but on the opposite side of the keelson. The transmitter and receiver tanks 
are cut to match the floor angle at the point chosen for their installation; they are then 
clamped down on rubber seating rings or electrically welded. 


These apparatus are designed to operate at their natural frequency for radial reso- 
nance, which is approximately 16,000 vibrations per second, that is about two times less 
than ‘he electro-piezo-quartz instruments, the working frequency of which is of the order 
of 30,000 to ‘yo.000 per second. This lower frequency assures easier penetration through 
the particles of the liquid mass and enables depths excecding 1,000 fathoms to be attained 
without difficulty. Undoubtedly for greater depths, for deep-sea sounding and in oceano- 
graphic work, the sonic system possesses greater penetrative power but the use of such 
devices implies special installations such as those. for instance on the British surveying 
vessel “Challenger". or on the research vessel “Mabahiss” of the John Murray expedition: 
the pneumatic or magnetic hammer transmitters specially adapted for the work, functioning 
on frequencies of about 1250 to 1500 cycles per second. 


The emission is produced -by deadened impulsion. The high frequency current for 
energising the transmitter is provided by discharging a large condenser through the 
windings and the circuit employed is shown in fig. 80. At a predetermined time the key 
K switches over to position 2, ard immediately the oscillatory current and the vibrations 
of the transmitter build up to their maximum amplitude in a few oscillations and then 
decrease exponentially in amplitude. 
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Fic. 80. — Damped-impulse transmission. 
At the time of reception, the small electromotive forces developed in the windings of 
the magnetostriction receiver are amplified by means of a step-up transformer with tuned 
secondary winding. 


The output from this tuned circuit is applied to the grid of the first 
valve of an amplifier. 


The commanding levers are contained in a noncorrosive aluminium metal box which 
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is titted in a suitable position on the bridge. The instrument is made cither with pointer 
dial indicator or with recorder. 

Tn the type wih indicator, (fig. 81), the case contains a constant speed motor and 
a dise carrying 3 rotary switches im step with a rectangular solenoid, the speed of which 
ig preportional to the sclocity of the transmitted sound waves, having regard to the parti- 
cular scale for which the instrument ts calibrated, .\ soft iron needle is mounted inside 
is Of rotation coincides with the axis of rotation of the solenoid 
Jenoid is energised by the ampulsion received when the echo returns, the needle 
tends to set itself parallel to the magnetic axis of the solenoid. The pointer which moves 





over the diat is coupled by a shaft to this magnetic needle. and indicates the depth given by 
the echo against the graduations of the scale 


In the sounders with recorder, the recorder is of the electrolytic type already 


descrihed, page 39. 
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Fic. 81. — The Husun Dial Indicator. 


In the recorder with the straight scale system (sounders models MS III and MS IV) 

(ig. 82 and 83), the stylus moves across the paper in a straight line; thus the record is 
only “compressed”, it is not “distorted”, 
Figure 83 is a diagrammatic representation of the Recorder mechanism. The essential 
features are the motor A driving through a gear box B and shaft C, the switch cam D, 
and the helicoidal scroll E. The revolving of the scroll IE drives the stylus F with a 
constant velocity throughout the width of the paper and lifts it off the paper on its return 
stroke. The paper is driven at a constant speed by gearing to the motor drive. The trans- 
mitting switch, which controls the moment of transmission, is operated by a cam coupled 
to the motor. 

Phasing. — It is clear that if there is an interval between transmission and the instant 
the stylus passes the zero of the scale, then the recorded depth will not be true, but if 
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Fig. 82. — Admiralty Super-Sonie Pattern with Magnelo-Striction Transmission 
Types M.S. 11 & TV. 
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the interval is known, then the echo depth corresponding to the interval can be added to 
the recorded depths. to give the true depth. Advantage is taken of this fact to increase 
the range of the recorder beyond the depth shown on the scale without the necessity of 
contracting the divisions of the scale. Referring again to (fig. 83), transmission is caused 
by the break of the contacts of S, and these are mounted on a dial L, which can be turned 
by hand about the cam D. Hence since the cam D is rotating at a definite known speed, 
the displacement of S. through a known angle. results in a definite interval between trans- 
mission and the instant the stylus passes the zero. This interval can be readily expressed 
in fathoms and can be engraved on the dial to show the amount to be added to the scale 
reading against the governing knob 





Fic. 83 


A spring plunger engages in slots cut in the periphery of the dial to determine this 
definite angular displacement. 


In this way the echo may be followed from phase to phase up to a depth of several 
times the nominal range of the machine. 


It may be thought that the appearance of an ccho at jo fms on the scale at zero phase 
for depths of both 30 fms and 280 fms would lead to confusion. This ts not rhe case. 
however, as the depth is generally known to sufticient accuracy to distinguish between the 
two cases. Further. the intensity of the echo at 30 fms is so much greater than that at 
280 that very little experience is required to distinguish between the two cases. 

In the curved scale recorder (fig. 8&4 & &5) the stylus describes an are of cirele which 
enables a simpler form of “drive” to be used, admitting of much higher pen-speeds and 
also allows the use of change gears, so that two or more scales can be given if required. 


The main principle of operation is the same and the same system of recording is used. 
the only difference is that the form of the profile is based on a curved track instead of a 
straight track. 

Using high speed of drive, a scale of o to 40 ft. can be given; this allows a space 
of 1/8 inch to one foot. 


ie 


94 Ecno Sovusntixa Apparatus 


The same machine geared down to 6 ta 1 would. on its slow speed, have a seale of 
o-40 fathoms with 1/8 inch = one fathom. 


In the type M.S. X (Rotating Arm Double Range Scale Recorder) particularly 
designed for accurate surveys an arm of 9-inch radius was used in order to give a high 
pen speed in traversing the paper, without running the instrument at an unduly large 
number of revolutions. 


In order to have a recording scale on which the depth of one foot is represented | 
1/8 th inch, a pen speed of 26 feet per second is necessary 





Vic. 84. — Ilughes Recorder, with rotating arm 


This instrument may be used on surveying boats with the oscillators hung outboard: 
mounted in a streamline form, they offer very little additional resistance. Soundings may 


be taken by this method to an accuracy of 3 inches (1/10,000 sec.) up to a speed of 18 knots. 
(Fig. 86). 


In the echo-sounder M.S. NIL (Rotating Arm Curved Scale Recorder “Universal” 
Pattern), the radius of the rotating arm has been reduced so as to render the whole less 
cumbersome and more compact. In view of its wide application it has received the name 
af “Universal”. 


This little recorder is only 16 inches high. 11 inches wide and 11 inches deep: the 
radius of the rotating arm has been reduced to slightly under 4 inches. It has a two- 
speed gear with a 6: 1 ratio so that in open water it takes soundings in fathoms (0 ta 130) 
and, when it has passed the 10-fathom line and enters pilotage watcrs, it can take sound- 
ings in feet (0 to 130). 








HUGHES & SON LTO. 


HENRY 
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The application of this machine is very wide. The makers can deliver it with 
scales for the two speeds, usually of the ratio 4:1, 6: 1, 10: 1.) For Dritisl 
6: 1 ratio is generally preferred, representing fathoms and feet; a ple J 
from one to the other as necessary. The scale now adopted in hydrography is on 
© to 150 feet/fathoms, that is to say, representing one font 11 30 } 





Fic. 86. — Temporary rig for streamlined oscillator. 
British Admiralty Echo Sounder Boat Gear. 


In addition, when desired, phasing switches admitting of increases in depth by steps 
of about 75 % can be frted; hence, in an instrument having a scale of 0 to 150 fect/fathoms, 
with a 75% phase, soundings up to 450 feet/fathoms can be assured 


The speed of the motor is regulated by two contacts, A & B (Fig. 87) which short the 
held resistance. A is a carbon disc mounted in a holder which can be adjusted by means 
of handle C. There is a clicking device which retains the handle at the desired setting 
The contact “B” is mounted on a Nat spring which is under compression with motor 
stopped, but with motor running the centrifugal force on the governor weights D tends 
to straighten out the flat spring and brings copper contact B to A, thus shorting out the ° 
resistance in series with the motor field. 


The motor A (fig. 85) is coupled two-speed gear in the gear-box B which is mounted 
on the baseplate C. 


The paper trough D is fixed on the front of baseplate C and mounted on top of the 
trough is a bracket in which is the bearing for the drum shaft On the front of this shaft 
is the drum which is built up of insulated discs with brass rings on the outside. The front 
ring is continuous, and is for bringing the echo impulse to the stylus by means of brush J. 
The second ring has segments in for the depth marking lines and has a feed brush H. 
The next ring has a cam on it, and actuates the switch G, which is the initial suppression 
switch that is required for suppressing the interference caused by the transmission at the 
beginning of the scale. The ring at the back is in the form of a cam which operates the 
transmitter contact switch T°, The transmitter operates once every revolution of the drum. 


The recording paper is driven by the worm wheel R and the roller Q. The pen arm 
is fixed to the outer brass ring under brush J. The stylus is a wire bent down at the 
ends. one end passes over the paper, and the other passes over the ramps (or insulating 
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Fic. 87. — Motor Governor. 


blocks). The ramps M are for lifting the stylus on and off the paper. The ramp on the 
left lifts the stylus while passing over the roller, and lowers it on the paper at the begin- 
ning of its traverse across the chart. The ramp on the right again raises the stylus while 
passing the roller at the top of the trough, and lowers it ready for its next revolution. 
Attached to this ramp is a rubber wiper which cleanses the stylus every revolution. 
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The heater for drying the chart ts hinged. so that by bringing the heater close to the 
paper. drying can be made quicker. 


With straight scale recorders. emissions are of the order af o) per minute; with the 
rotating arm curved scale, soundings in shallow water may be carried out at the rate of 
220 soundings per minute for high-speed and 60 soundings per minute for low-speed. On 
the first of these cadences. and steaming at three knots, a record of soundings at intervals 
of about so cm. on the bottom may be obtained. thus allowing a study of detail hitherto 
impossible to obtain by means of any of the old sounding methods by line or wire. 





b) Tho Marconi Magnetostriction Echo-Sounder. 


(See also: Hydrographic Review, Vol. XV, X" 2, Nov. 1938, p. ST and 54 


The Marconi Company manufactures an echo-sounder for navigation o to 150 fathoms 
based on the same principles. 





Fic. &8. —Marconi navigational equipment 0 to 150 fathoms. 
Projector Element on top plate with reflectors and tank below, 





i Fig. 88, represents a Projector element on top plate with reflectors and tank below; 
Fig. &9, represents the high tension generator with charge and discharge transmitting 
relay; the reception takes place on an electrolytic recorder of the type already described. 
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rig, &D Marconi Navigational Equipment 0 to 150 fathoms, Transmitter unit. 
Showing high tension Generator, Condenser bank and charge and discharge 
transmilling relay. 


For deep sca soundings down to 3.000 fathoms. Marconi have manufactured a power- 
Tul type with a voltage of 2,000 instead of 1,500 and with a much larger condenser bank, 
which is placed in direct contact with the sea. The electrolytic recorder comprises 5 ranges: 


0-150 fathoms, purely for navigational purposes on the Calile Sh'p oar 
survey vessel. 
0-750 _ 
i 
1500 - 


2250 - 5 


Deep sea ranges. 





According to the instruments used. the number of soundings per minute is 7,6 or 


16.4. 


c) High Frequency Atlas Echolot of Atlas Werke, Bremen. 
(See alvo: Hydrographic Rez 





Vol. XV. Ne 2. Nov. 1938, page «52. 


This echo-sounder is also based on the principle of magnetostriction : it comprises 
twe nickel oscillators (a transmitter and a receiver) placed in the bottom of the ship. 
Fig. oo gives a sketch of this sounder. 


The inner seale (fig. 91) is graduated from o to 100 metres and the outer scale from 
o to 1.000 inelres. 
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The depth indications succeed each other at an extremely rapid rate; on the 100 metres 
scale there are 7,5 soundings per second. The observer cannot separate out the individual 
depth indications; he secs only a permanent line which follows the slightest variations in 
depth somewhat like an indicating pointer. On the outer scale the depth indications suc- 
eved each other at a proportionately slower pace. 

Owing to the large periphery of the scale, the readings may be effected at a distance 
from the apparatus, so that the observer is not under the necessity of approaching the 
apparatus closely each time a reading is desired. 


PremzebUs 1dr Alias - Beeoret, Hochirequess -Type. 





Fic. 90. — High Frequency Atlas Echolot. 


The principle of the Echolot is explained with the aid of Figure 90. The straight 
neon tube (h) is inserted radially in the disk which is turned by the motor (a) at a 
constant speed behind the fixed scale (g) showing metres and fathoms. The centrifugal 
governor (b) either cuts in or out the series resistance of the induction circuit, thus assur- 
ing an exact number of turns with the necessary regularity, independent of the voltage 
fluctuation in the supply mains. On the gear axis (c) is also inserted a sliding contact (d) 
which, each time the neon tube passes the zero on the scale, discharges a condenser (t) 
into the windings of the magnetostriction oscillator ({), from which is sent out an impulse 
of short duration into the water. This short wave impulse reaches the ocean bottom, is 
reflected and arrives at the vessel where it impinges upon the magnetostriction tuned 
oscillator (k). This, acting as a receiver, transforms the sound waves into electrical oscilla- 
tions. The latter are amplified by an amplifier (i) such that the neon tube (h) is instantan- 
eously illuminated by a flash. The disk carrying the neon tube has turned through a pre- 
determined angle during the time which has elapsed while the sound wave covered the 
distance from the ship to the bottom and back. The scale of depths is calibrated in metres 
and fathoms in accordance with the velocity of sound waves in sea water and therefore 


the depth of water in that locality may be read off directly on the scale at the place where 
the red line appears. 
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Fic. 91 


For the range of 0 to 100 metres, the indicating disk makes 7.5 


7.5 revolutions per second: 
equal to the number of soundings effected. For the outer scale. which has a range up to 


1,000 metres, a second neon tube is attached to a concentric disk. 


By means of the interrupter attached to the indicating apparatus, one may switch as 
desired from the outer to the inner scale. 


Further there is a small regulating dial by means of which one can vary the amplifi- 
cation so that good reception is obtained at all depths. A second regulating dial is for 
the purpose of varying the grid voltage of the last tube, and consequently the sensitivity 


of the indication. The voltage necessary for the operation of the amplifier is taken from 
the shin’s mains. 


For the graphic recording of the depths, one may attach the Atlas Echograph to the 
indicating apparatus and obtain thus an indication of the depth in two ways, ie. by the 
optica! inethod and the graphic method. 
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XIII. General remarks on Echo-Sounding methods. 


The accuracy of depths obtained by acoustic soundings was examined during the cruise 
of the German exploring ship “Meteor” in the Atlantic Ocean, 1925-27. Special reversing 
thermometers were used to measure the temperature of sea water at various depths. Each 
thermometer is protected by a solid glass tube, blow-lamp soldered, in order to avoid the 
influence of pressure which would alter the indications of the instrument and might even 
cause its breakage. This method of thermometric measurement of depths consists in the 
simultaneous use of a thermometer protected against pressure and an unprotected thermo- 
meter. The pressure, and consequently the common immersion depth of both instruments, 
is deduced from the difference in the temperatures indicated by the two thermometers. 
It has been possible to manufacture these thermometers with a sufficient degree of solidity 
to resist breakage down to a depth of 6,000 m., whilst observing the condition that the 
raising of the level of mercury must remain proportional to the pressure. By this indirect 
method of control, applied to wire and sonic soundings effected simultancously in 51 stations, 
it has been thorght possible to prove that on an average, wire soundings, after correction. 
give a value in excess by about 0,4 per cent, and sonic soundings a value of about minus 
0,3 per cent. 


The accuracy of sonic soundings is therefore superior to that of all hydrostatic sound- 
ings utilised up to now in navigation, and even to that of the deep sounding with a stecl 
wire utilised in oceanography. 


In shallow water of 3 feet 10 120 fect (1 m. 52 to 36 m. 60). the indications furnished 
by sonic soundings are more accurate than those obtained by ordinary soundings effected 
by experienced sounders. During the ship's course, the hand sounding line generally gives 
indications in excess of about 1 foot (30 cm.). With echo sounding, however, the intersec- 
tion of sounding lines on the plotting sheet show depths correct to a few inches. 


The closeness of the soundings and their graphic inscription leaves no particularity 
of the szrveyed sub-marine profile undetected. and includes the location of wrecks, etc. 


Echo soundings can be effected regardless of the speed of the ship. They permit 
immediate contact with the continental shelf and facilitate landing especially in fogey 
weather. 


The average roll of a ship of about to° has no influence on ultra-sonic sounding: if 
the roll. however, is of about 20°, certain echoes may remain undetected, but the soundings 
are always correct when transmissions are effected in the vicinity of the vertical position. 


Magneto-striction transmitters fitted with a conic reflector of which the apex half- 
angle is between 20 and 30°. also have the directional property, and the comparatively short 
waves which they emit (about 4 inches, ic. about to centimetres), have practically the 
same properties as ultra-sounds, 


Echo-soundings are. of course, influenced by the form of the sub-marine relief : the 
Meteor, during its ailantic crvise in 1925-27, found in 310 control stations, echo soundings 
smaller by 1,6 % than wire soundings. 


In certain cases, it is quite impossible to determine the corrections to be made to 
acoustic depths in order to obtain true depths. Thus, the depth of the water at the bottom 
(thalweg) of certain very deep sub-marine ravines can never be determined by acoustic 
methods, as the echoes on the ridge of the ravine which arrive first, cover the echoes 
coming from the bottom of the ravine (fig. 92) supposing, of course, that the latter are 
sufficiently powerful to be detected. 


The intensity of the echo varies, for the same wave length, inversely to the square of 
the depth. As the instruments which utilise sounds of audible frequency can produce a 
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far morc powerful emission than that produced by quartz ultra-sonic projectors, there is 
a double advantage in employing the former for measuring great depths. 





Furthermore, owing to the high frequency of their waves, ultra-sounds partly escape, 
when received, the influence of parasitic noises such as those coming from the ship and 
those coming from the sea. The elimination, or at Icast the attenuation of these noises 
when the echoes are received has constituted the chief difficulty in the application of the 
new methods. Up to recently, quartz apparatuses seemed to be the best suited to deter- 
mining small depths. The close resonance of the ultra-sonic sounder on high frequency 
transmissions is quite different to the scale of low frequencies and of perturbing noises, 
and therefore renders it indifferent to the various sounds and vibrations of the ship and 
of the sea. 


It may be that this point of view will be modified following the appearance of magneto- 
striction sounders and the recent improvements made in sounders by means of blows. 


In the apparatuses fitted with ear-phones. it is easy by practice to distinguish the 
returning echo from the “water noises” due to acorstic perturbations. In order to avoid 
the perturbations, it had been suggested to vary the immersion of the projector-receiver 
by the use of an instrument similar to an inverted periscope, in order that the power emitted 
by the apparatus be projected beyond the layer of water touching the hull which can be 
considered, owing to its position, as being very perturbed by the ship's course. However, 
it was soon discovered that such a device would, on the contrary, react unfavourably on 
the sounder when the speed of the ship is approximately 20 knots and when the violent 
movements of water on the surface of the apparatus engender parasites which mar the 
reception of the echo. It was therefore decided to instal the emitting side of the projector 
in the plane of the hull, at a suitable spot generally near the centre of the ship. 


It is further possible to protect the receiving microphone from the influence of 
Parasitic noises by placing it in a receptacle of which the width of the sides will be related 
to the length of the wave received. 


The working of the sounders is greatly impaired when air bubbles exist on the track 
of the direct or reflected beam. The presence of a mixture of air and water under the 
keel, in the vicinity of the transmitter or of the receiver considerably reduces the intensity 
of the echoes. Each bubble of gas acts as a spring which absorbs the variations of pressure 
when the sound waves pass. The effect produced is in every way comparable to that of a 
cloud of smoke in the air with regard to the propagation of light. The place where the 
apparatus is mounted on the ship must therefore be selected with care, according to each 
type of vessel, in order especially to avoid the influence of the scum which gathers at the 
stern-post and which, in case of bad weather, may, owing to the ship's roll, run off under 
the keel. 


To resume: in spite of a few handicaps. sonic soundings are more and more used 
for the requirements of hydrography, navigation and oceanography. Even fishing vessels 
utilise the new sounders which are easy to handle and which in addition, sometimes permit 
the detection of shoals of fished settled at different depths. Experience has proved, that 
these shoals produce a reflection of sound which is recorded by echo peaks on the recording 
graph. 
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The influence of currents so important and so little known in connection with wire 
soundings, does not seem to exist for echo sounding. 

Echo sounding methods have the advantage of being rapid. Heretofore, the measure- 
ment of a depth of water of several thousands of metres required at least one hour's time, 
but now it is achieved in a few seconds only. This interval of time will reach a maximum. 
of 13 to 14 seconds when exploring the greatest sub-marine deeps known, where the 
height of the water, as is known, reaches approximately 10,000 metres. In this way. the 
new methods contribute greatly to the growth of our still somewhat imperfect knowledge 
of the topography of the bottom of the oceans, which cover more than two thirds of the 
globe. It did not appear at first that. with these methods, an indication of the superficial 
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structure of the sub-marine soil could be obtained. In reality, a close examination of the 
recording graphs has shown that, at least in depths where the nature of the bottom is 
of interest to navigation, it is often possible to ascertain by the form of the echo peaks 
whether the ground is constituted by hard sand or rocks, or whether it is covered by ooze 
or sea-weeds, the two latter sending back weaker echoes. Great progress has been achieved 
in this branch in the last two years. During experiments effected by the Meteor in the 
Baltic Sea in 1935, with quartz sounders of which the ultra-sonic beam “feels” so to 
speak the bottom of the sea, it was possible to obtain two echoes in each spot: a very 
feeble one on the upper layer of the soft ooze. and another one on a lower, harder layer 
corresponding probably to the foundation on which rested the ooze. When the ship 
passes over a rocky bank, the higher echo disappears and the profile furnished by the 
jower one joins that furnished by the apex of the bank. 
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A perusal of the records obtained with a Hughes apparatus of the British Admiralty 
during a survey of Lake Windermere in 1938, carried out under the auspices of the Fresh- 
water Biological Association, revealed that on the bed of the lake there was a deposit of 
mud or silt, and that this deposit was arranged in strata of varying density. The mud 
deposit showed in the records very clearly because it consists of relatively soft material 
overlying the hard rock basin, or in some cases boulder clay, which formed the original 
lake floor. These results open up to scientists a new field of interest, enabling them to 
read from these strata the geological history of the district since the Ice Age. 


The very accurate oscillograph analyses the form of the ultra-sonic reflected waves 
which can be modified by the undulations of the surface (fig. 93), as follows : 


If the bottom is flat and horizontal, the form and duration of the reflected waves 
are similar to those of the original waves; the echo peak is then identical, with regard 
to form and breadth of base, to the transmission peak. 


If the bottom is flat but very inclined on the horizontal axis : the progressive reflec- 
tion of the various levels of the bottom lenghthens both the reflected waves and the 
echo peak. 


If unevenness exists on the surface “felt", the echo peak is irregular and shows suc- 
cessive indentations corresponding to the principal successive levels of the bottom touched 
by the sound waves. This occurs when a ship passes over a rocky surface, a sub-marine 


cliff or a wreck. Similar results have frequently been obtained with magneto-striction 
sounders. 


In shallow water or with a sufficiently strong transmission power, it has been possible 
to record double or multiple echoes due to the successive reflections of sound from the 
bottom and the surface of the sea. 


Echo-sounding, therefore, is far from having reached its full development. A new 
process has been invented and is now comprised in the technical instruments of the hydro- 
grapher and of the mariner. Echo-sounders still have to be perfected and applied to the 
complete study of ocean depths; the completion of this study has become vital as a con- 
sequence of the hitherto unsuspected complexity of the relief of the regions of the globe 
covered by water, which was revealed by soundings effected during recent oceanographic 
cruises. ’ 
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N° 147. In-8*, 20 pp. 8 fig. and tables. Washington, Government Printing Office. 
1928. Price: 10 cents. Hydrographic Review, Vol. VI, N® 2, Monaco, Novemb. 
1920, p. 227. Revue Hydrographique, Vol. VI, N° 2, Monaco, Novembre 1929, 
p. 235. 


ee ee RE ———— 


1928. 


1928. 


* 1928. 


1928. 


1928. 


1928. 


* 1928. 


1928. 


1928. 


1928. 


1928. 


BIBLIOGRAPHY 117 


eer 


IJ. MAHER & R.F. LUCE. - Radio-acoustic position finding. (Determination du 
Point par Procédé radio-acoustique). U.S. Coast and Geodetic Survey Special 
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Maritime et Aéronautique, Paris, Juin 1929. Voir aussi Revue Hydrographique, 
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Manceuvre du Fathométre). Field Engineers Bulletin N° 4, Washington, Decemb. 
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